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This  Treatise  waa  conunencod  to  supply  a  course  of  Pracyoal 
Chemistry  to  my  own  clasBee.  I  was  euoouraged  to  proceed 
with  it  hy  finding  that  the  want  of  a  sufficiently  systematic 
and  explanatory  Laboratory  Text-Book  was  very  widely  felt. 

It  haa  been  my  aim  tliroughotU  to  give  all  necessary 
directions  bo  fully  and  aimply  as  to  reduce  to  a  minimum 
the  assistance  required  from  a  teacher.  The  language 
employed  has,  I  trust,  been  rendered  simple  and  intelligible 
by  avoiding  the  unnecessary  use  ot  scientific  terms,  and 
by  exptaining  or  paraphrasing  in  ordinary  words  any  such 
terms  when  they  are  introduced  for  the  first  time. 

The  ilirections  for  working,  and  the  descriptions  of  the 
preparation  and  use  of  apparatus,  have  been  given  more 
fully  than  is  usual.  My  own  experience,  which  is  con- 
firmed by  that  of  other  teachers,  convinces  me  that  one  of 
the  most  serious  hindrances  to  the  utility  of  many  of  the 
smaller  Text- Books  on  Practical  Chemistry  is  the  concisenesa 
of  the  language  employed  ;  on  this  account  it  is  unintelligible 
to  the  student  imless  it  is  supplemented  by  very  copious 
verbal  explanation  from  the  teacher. 

Whilst  the  very  desirable  amplifications  above  referred  to 
have  been  made,  all  such  instruction  as  does  not  directly 
bear  on  the  ordinary  requirements  of  the  laboratory  student 
have  been  omitted,  and  the  supplementary  and  explanatory 
portions  have  been  inserted  in  smaller  type. 

I   have  also  thought  it   best  to  avoid  entering  into  any 


lengthy  theoretical  explanations.     The  modem  teaching   of 

chemistry  is  in  practice  very  appropriately  divided  into 
two  departmentB;  namely,  tlieorelical  instruction  imparted 
by  classea  and  lectures,  or  by  the  study  of  text-booku  of 
theoretical  chemistry ;  and  practical  experience  acquired  in 
a  chemical  laboratory  by  working  accoriJing  to  the  direc- 
tions of  a  Practical  Text-Book.  Since  by  this  system  the 
student  has  time  and  opportunity  afforded  him  elaewhcrn 
for  the  study  of  the  theoretical  and  descriptive  portions 
of  the  science,  it  ia  unnecessary  and  undesirable  that  his 
Practical  Text-Book  should  tempt  him  to  Ijeatow  valuable 
time  in  the  laboratory  upon  the  consideration  of  matters 
which  do  not  directly  bear  upon  hie  eKpertmental  work. 

The  analytical  reactions  and  methods  have  been  citrefiiUj 
worked  tliroufjh  from  the  text  by  myself  and  by  the  mem- 
bers of  my  classes :  the  accuracy  and  intelligibihty  of  their 
description  have  thus,  I  hope,  been  secured.  Only  those 
reactions  and  methods,  which  are  commonly  employed  (or 
analytical  purposes,  have  been  described.  In  selecting 
analytical  methods,  I  have  felt  it  desirable  that  those 
chosen  should  be  as  simple  and  easy  of  execution  as  pos- 
sible. In  some  cases,  however,  the  methods  which  are  most 
eiigible  on  these  grounds  have  proved  on  trial  to  be  unsatis- 
factory in  accuracy  and  delicacy.  They  liave  therefore 
been  abandoned  in  the  Analytical  Tables,  and  other  methoda, 
which  are  recommended  by  their  trust  worthiness  rather  than 
by  their  simplicity,  have  been  entered.  In  such  cases,  how- 
ever, I  have  described  the  more  simple  methods  also,  since 
they  may  he  employed  in  analyses  in  which  minute  quantities 
of  substances  have  not  to  be  tested  for. 

I  have  felt  it  advisable  to  introduce  reactions  which 
are  useful  in  geoerol  analysis  rather  than  those  which  claim 
to  be  merely  interesting  and  instructive  :  and   I   have  not 


lieEntated   to  adopt  methods  ivliich   are  not  quantitative,  if 
they  are  easy  and  accurate  for  tinalitative  analysis. 

The  book  is  intended  to  give  n  course  of  instruction, 
which  ia  suited  to  the  general  reqiiiremonta  of  laboratory 
atudenta.  Those  who  arc  using  the  book  for  any  special 
purpose,  or  who  wiali  to  prepare  themselves  for  any  particular 
examination,  should  note  that  it  has  been  divided  into  seven 
Secliona.  The  objects  of  these  Seetions  are  stated  bolow  on 
pages  ix,  x,  and  their  Contents  are  given  in  detail  on  pages 
xiii-xxiii. 

The  first  six  Sections,  omitting  the  Fifth,  contain  a  good 
practical  course  for  senior  atiidonta.  Tliis  course  may,  how- 
ever, be  somewhat  moilifiod  and  amplilied  to  suit  junior 
Btudeiite,  who  will  also  possibly  suljstitut*  the  Fifth  Section 
for  the  .Sixth. 

The  Fifth  Section  has  indeed  been  inserted  for  the  use  of 
medical,  pharmaceutical,  and  engineering  students,  and  for 
tliose  who  are  preparing  for  practical  examinations  in  which 
proliciency  in  the  analysis  of  a  simple  salt  only  is  required 
of  the  candidate.  This  is  the  standard  fixed  for  some  of 
the  medical  examinations  and  for  some  of  the  more 
elementary  examinations  in  analytical  chemistry. 

The  Sixth  Section  supplies  a  full  sot  of  Tables,  which 
ue  suited  for  the  analytical  work  of  advanced  students,  and 
will  be  found  suHicient  to  qualify  a  student  for  the  higher 
Vliiversity  examinations  and  for  the  examination  of  the  In- 
etitnte  of  Chemistry  in  qualitative  analytical  chemistry, 

The  Seventli  Section  of  the  book  contains  suggestions  re- 
garding the  titting  and  fiirnisliiug  of  the  laboratory,  together 
with  full  lists  of  all  the  apparatus,  reagents,  and  chemioBls 
vhich  are  required  in  working  through  the  dill'erent  Sections 


of  tlie  book.    Then  is  added  a  list  of  genera!  apparatus,  n 
a  description  when  necessary  of  its  construction  and  use. 

In  thia  Section  there  will  also  be  found  full  and  systematia  | 
descitptioue  of  the  most  simple  methods  for  preparing  the  1 
cUfTerent  solutions  which  are  ruquired  in  analysis,  with  a  ] 
statement  of  the  strength  which  is  most  appropriate  for  each. 
Experience  has  proved  that  this  information  is  not  only  very  1 
convenient,  but  tends  largely  to  aecurp  economy  of  time  and 
money  in  the  preparation  for  laboratory  work. 

This  Section  concludes  with  Tables  of  Atomic  Weights, 
and  of  French  and  En^liah  Weigbte  and  Measures. 


Symbolic  notation  has  been  employed  throughout  the 
Sections  on  analytical  chemistry.  In  its  most  concise  form, 
this  chemical  shorthand  condiicea  so  much  to  brevity  in 
writing  down  results,  that  no  other  plea  is  required  for  its 
use.  The  simple  plan  of  entering  upon  tlie  label  of  each 
bottle  in  the  laboratory  not  only  the  chemical  name  but  also 
the  chemical  formula  of  its  contents,  will  prevent  the  general 
use  of  chemical  fonnul.T  from  causing  perplexity  to  beginners. 
A  reference  to  the  bets  of  chemicals  in  Section  VII.  will  also 
furnish  the  formula  which  corresponds  to  the  name  of  any 
substance.  It  has,  however,  been  thought  well  to  insert  the 
chemical  name  of  each  substance  together  with  its  formula, 
when  the  substance  is  first  referred  to  in  the  text. 

The  arrangement  of  all  Tables  aeross  instead  of  along  the 
pages  renders  the  turning  of  the  book  unneces,<;ary,  a  con- 
venience which  will  be  appreciated  by  all  laboratory  students. 
The  "Tables  of  Differences"  contain  a  summary  of  the 
difi'erences  of  behaviour  of  the  member.i  of  each  Analytical 
Group  with  reagents.  These  Tables  serve  as  useful  guides  to 
elementary  analytical  work,  and  furnish  explanations  of  the 
Analytical  Tables, 


I 


It  IB  abnoat  superfluous  to  mentioa  that  free  use  has  been  { 
made  of  the  older  standard  tieatiees  on  Chemical  Analjsis ; 
and  my  work  has  partly  consisted  in  remodelling  and  com- 
Mning  the  information,  which  they  furnish,  in  &  systematic 
and  oonvenient  form.  My  acknowledgments  are  also  due 
to  many  contemporary  experienced  teachers  who  have  made 
valuable  suggestions  of  addition  and  emendation. 

The  book  is  intended  to  furnish  a  uourse  of  general 
laboratory  instmction  in  practical  chemistry  and  qualitative 
analysis.  Such  a  course  should  precede  the  higher  training 
of  the  professioual  and  pharmaceutical  chemist  and  of  the 
medical  man,  and  the  more  special  training  of  the  tenliuical 
chemist  and  of  the  chemical  engineer.  Sound  elementary 
instruction  in  practical  science  is  now,  however,  generally 
valued  not  only  as  a  preparation  for  a  professional  career,  and 
for  many  branches  of  manufacturing  industry  and  enterprise, 
but  also  ns  an  important  branch  of  general  mental  training. 

The  prasent  Edition  has  undergone  a  thorough  revision, 
and  has  been  in  parts  rearranged  and  rcparagraphed  in  order 
to  facihtate  reference.  Some  important  iUustrations  have 
been  added  :  and  the  text  has  also  received  additions.  The 
principal  additions  to  the  text  are  an  extension  of  the  method 
of  detecting  organic  substances,  and  the  addition  of  the  re- 
actions of  a  few  important  bodies  of  this  class.  The  organic 
portion  of  the  book  will  now  meet  the  needs  of  many  medical 


I  have  again  to  thank  Professor  .T.  B.  Coleman,  A.R.C.Se. 
Dublin,  F.I.C.,  for  assistance  in  editing  the  new  issue,  and 
for  valuable  suggestions  in  improving  the  hook.  Some 
useful  anggeations  have  also  been  made  by  Mr  R.  M.  Caven, 
B.SC.,  F.I.C. 

I'.  C, 

lOMnoH,  1S99. 
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CXll  BENCH  APPARATUS. 


APPARATUS  FOR  EACH  BENCH-LOCKER. 


1  Bunsen's-burner  with  tubing  (i). 
1  Test-tube  stand,  with  twelve  holes. 
12  Test-tubes. 

1  Test-tube  brush  (13). 

2  Boiling-tubes. 

2  Round  glass  plates. 
2  Porcelain  dishes. 

2  Watch-glasses. 

1  Four-ounce  conical  flask. 
1  Pestle  and  mortar. 

1  Iron  tripod-stand. 

1  Piece  of  coarse  iron  wire-gauze. 

3  Glass  funnels,  ahd  some  cut  filter- papers. 
3  Small  beakers. 

3  Glass  rods  (lo). 

1  Piece  of  platinum-foil. 

2  Pieces  of  platinum-wire  (9). 
1  Mouth-blowpipe  (6). 

1  Pipe-clay  triangle  (fig.  81,  1076). 

1  Wash-bottle  (12). 
1  Retort-stand. 

1  Wooden  filter-stand  (fig.  49,  92). 

1  Pair  of  brass  crucible  tongs. 

1  Small  horn  or  vulcanite  spatula. 

1   Wicker  draining-basket  (15). 

A  fuller  description  of  this  apparatus  will  be  found  in  paragraph  1121. 
Most  of  the  apparatus  may  be  seen  on  the  bench  in  the  Frontispiece 
illustration.  The  reference  numbers  in  brackets  refer  to  paragraphs 
in  which  the  apparatus  is  described. 


SECTION    I. 
PREPARATION  AND  USB  OF  APPARATUS. 


Oeoeral  Bemarks. — A  student  wlio  is  commuDcing  work  iu  a 
general  libaratorj  will  find  on  the  preCEding  page  a  liat  of  tbo 
Kpparattu  wliicli  alioald  be  containcil  Id  his  private  loclcer.  This 
ftppaiatus  should  bn  looked  thraiigh,  Qtl:«d,  and  cleaused,  as  is 
directed  in  tbU  Section. 

In  tlio  SeTenth  Seclioii  will  bo  fouDd  particutara  of  other  spparatns, 
which  maf  be  used  b;  many  students  in  common  ;  also  lists  of  the 
reagents,  and  the  methods  of  prepariog  them. 

'  1   reference,  parngraph  [lumbers  are  printed  in 
black  type,  and  in  square  brackets  at  the  top  of  each 

Parsgriphs  whii^h  are  printed  in  amsil  typo  may  be  pisaed  over  it 
the  aludent's  time  is  limited. 


Flaubb  for  Hbatino. 


The  Bunsen  Burner  (fig.  1)  u  generally  employed  in 
Uie  laboratory  for  heating  purposes.  It  is  §o  cotiBtructed 
that  coai-gas,  enteiniig  neat  its   base,  is  ^^^   ^ 

mixed  with  a  proper  proportiou  of  air 
before  it  is  burnt.  The  air  is  drawn 
in  through  holes  at  llie  lower  part  of 
burner,  and  (lie  mixture  of  goa  and 
Air  is  burnt  at  the  top  of  the  upright 
'lube.  The  oxygen  of  the  air,  whiuh  ia 
tihfia  mixed  with  the  gas,  burns  the  car- 
bon in  the  body  of  the  flamo.  Accord- 
ingly the  lurainoBJly,  wliich  depends 
Upon  the  existence  in  the  flame  of 
nuburnt  carbon  or  carbon  compounds,  is  destroyed. 

The  Diuiacu-llamo  ia  theiefoia  mainly  ueeful,  because  it 


depoata  no  particles  of  soot  when  it  ia  in  contact  with  any 
surface.  Its  high  temperature  and  non-luminosity  also 
render  it  very  valuable  for  producing  tiame-colo rations. 

The  burner  should  be  provided  with  some  means  for 
partly  or  entirely  closing  the  air-holes  whon  requisite.  This 
is  usually  eifacted  by  turning  round  a  loose  jicrforated  ring 
outside  the  holes.  If  the  flame  is  reduced  to  small 
dimensions,  the  supply  of  air  should  be  partly  shut  off,  else 
the  flame  is  apt  to  recede. 

"When  the  burner  ia  to  be  used,  it  is  connected  by  moans 
of  a  piece  of  tightly -fitting  rubber  tubing,  about  S-lGths  of 
an  inch  in  internal  diameter,  with  the  tube  which  supplies 
gas  to  tlie  working-bench.  The  tap  ia  then  turned  on,  and 
in  a  few  seconds  the  gas  is  lighted.  The  flatno  should  be 
almost  perfectly  colourless  and  non-lumiaous. 

Occasionally  the  gas  will  burn  below,  that  is,  at  the 
bottom  instead  of  at  the  top  of  the  burner.  This  nsaally 
happens  when  the  flame  is  small  and  the  quantity  of  air 
admitted  through  the  boles  is  too  great.  It  also  occurs 
when  the  burner  ia  lighted  too  soon  after  turning  on  the 
gas-tap.  A  luminous  flame  may  then  he  seen  through  the 
holes  near  the  base  of  the  burner,  burning  from  the  small 
gas-jet  Inside.  The  flame  at  the  top  of  the  burner  will  also 
he  long  and  somewhat  luminous,  and  will  emit  a  very  un- 
pleasant smell,  which  is  due  to  the  incomplete  combustion 
of  the  gas.  In  such  a  cose  the  fiame  should  be  at  once 
extinguished  by  pinching  the  rubber  tubing  close  to  the 
burner;  and  the  gas  should  be  relighted  after  it  has  escaped 
for  a  few  seconds. 

The  above  statements  should  be  proved  by  trial,  and  the 
eSect  of  partially  or  entirely  closing  the  air-holes  of  the 
burner  should 


The  Boae.lop  (lig.  I  a)  ia  cmplajed  far  diffusing  tlie  heat  of  tlio 
flune  oTor  >  large  surtaoc.  It  b  a  Kmall  iwrforatsd  niotal  cap  wUkli 
is  {jljti^  upon  tlie  top  of  Clie  barner,  and  yield*  a  ciri'lc  of  ffames. 
The  rose-top  ia  put  ou  llic  Lumer  and  rctaoTed  from  it  by  mvans  of 
cruoitile-ton^.  It  is  of  oouras  lery  Iiot  after  beiog  used,  and  should 
never  be  bandied,  or  |>liicad  ujiou  nood  orglass,  unlil  it  ia  cool. 


2.  FlaUiher'B  Solid-flame  Burner  U  aiost  cuuveniont  nnd  satis-  1 
factory  Tor  lieaUng  Inrge  vends.  In  ita  smallest  Hue  (flgii.  2,  3]  ttiif  I 
bumar  is  iilio  very  wnvonient  on  the  studenl'*  working- ben  oh.  Tli«  1 
burner  shown  in  Uia   Rgnrea  is  the  BunacD-Argaud.     It  Tiirnishea  a  I 


FiQ.  2. 
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FLErOHEB  BuBNiEns. 

■hort,  compact,  &nd  hot  flame,  and  it  prpsents  the  adntntage  that  the 
■ir-supply  is  self-adjusting.  The  form  of  this  burner,  shown  iu  fig.  S, 
is  furnished  nith  snpporta  for  flasks  and  dishes  which  tire  being  hen  ted, 

3.  The  Spirit  I&mp  k  occssianally  employed  inatead  of  s  gw- 
bamer  ;  but  for  geueral  purposes  it  tiliould  only  replace  tbc  gss'bumer 
when  coal-h'os  cannot  be  obtained. 

The  spiritrkmp  (Gg.  4)  consists  of  a  glass  vessel  cuntaining  methy- 
lated spirit,  into  which  dips  a  cotton  wick  supported  by  means  of  s 
brass  or  stoneware  wick-bolder.     When  tlie  lamp  is  not  in  us<.'  the 
apper  ead  of  the  wick  should  be  always 
covered  with  the  glaas  cap,  iu  order  to  p,^   4 

pntreat  evaporation  of  the  spirit. 
tile  «pirit  is  tolerably  free  from  resin 
matter,  its  flame  will  he  nonluminous 
and  will  deposit  no  soot.    In  this  lamp 
the  spirit  is  ysporisad  as  it 
contact  with  the  tianie. 


I 


other  BpedBl  BDmeis  for  consuming 
a  mixture  of  air  with  va]>ari9od  methy- 
lated spirit  or  petroleum,  or  with  act 
lene  gas,  are  now  obtainable,  and  n   , 
be  umH  in  laboratories  where  a  supply  Spirit- LAMP. 

«f  coal-gas  is  not  atailabU. 

A  bnmer  simUar  in  form  lo  the  Bunsen-burner  (i]  for  barning  a  mil- 
tore  of  vaporised  methylstu'd  spirit  with  air,  and  a  metal  lamp  which 
Aimlehes  a  smokeless,  non-luininona  flame  with  vaporised  petroleum  oil, 
kr«  described  in  [uiragraph  1119.  A  modified  Buusen-bumer,  snitahle 
for  burnbg  acotyleuo,  may  now  be  purchased  ;  and  since  acetylen 


CUTTING  GLASS. 


[4.5. 


be  prepared  with  groat  ease  from  calcium  carbide,  and  tlien  stored  in  a 
small  gas-holder,  such  a  burner  can  be  used  in  laboratories  which 
are  situated  at  a  distance  from  a  gas-works,  and  an  ordinary  laboratory 
attendant  may  readily  perform  the  duties  of  gas-maker. 


Fro.  5. 


Cutting  and  Bbnding  Glass. 

4.  Glass  Tube  or  Bod  is  Gat  by  laying  it  upon  a  flat  sur- 
face, and  making  a  deep  scratch  with  the  edge  of  a  three- 
cornered  file  at  the  point  to  be  cut.  The  glass  is  then  held 
with  both  hands,  one  on  each  side  of  the  scratch  and  close  to 
it,  and  a  gentle  pressure  is  exerted  upon  the  glass  as  if  trying 
to  break  it  across  (fig.  5).  If  the  file-mark  has  been  made 
sufficiently  deep,  the  glass  will  readily  break  at  this  point. 

The  sharp  edges  of  a  freshly-cut  rod  or  tube  should  always 
be  at  once  rounded.  This  is  efi*ected  either  by  holding 
the  end  of  the  tube  in  the  Bunsen-flame  or  blowpipe-flame 

until  the  edges  are 
partly  melted  (fig.  8, 
p.  6),  or  by  rubbing  off" 
the  sharp  edge  with 
the  face  of  a  file. 

Select  a  length  of 
hard  -  glass  tubing, 
which  is  about  one- 
eighth  of  an  inch  in 
internal  diameter.  Cut  from  it  one  piece  about  ten  inches 
and  two  pieces  about  five  inches  long,  and  carefully  round 
off"  their  sharp  freshly-cut  edges.  Also  cut  off  three  pieces 
of  glass  rod,  respectively  seven,  six,  and  three  inches  in 
length.     Keep  these  for  future  use. 

5.  Glass  Tube  is  Bent  by  holding  it  in  the  upper  edge 
of  a  common  fish-tail  gas-flame,  so  as  to  heat  at  least  two 
inches  of  the  glass,  (fig.  6).  The  tube  is  supported  by  both 
hands,  one  on  either  side  of  the  flame;  and  is  constantly 
turned  slowly  round  on  its  axis,  in  order  to  heat  all  sides 


Cutting  Glass. 


i.)  BE-VDISG   GLASS. 

equnlly.     Ab  soon  as  the  glags  is  felt  to  bo  soft  and  pliable, 
it  IB  taken  out  of  the  fiame  and  is  at  once  qaickly  bent  to 
the  required  angle.     The  heated  part  must  not  be  allowed  • 
to  touch  anything  until  it  ie  cold.     The  soot  U  then  removed  ] 
from  it  by  a  cloth  or  by  a  piece  of  paper. 

If  a  bend  is  properly  made,  it  should  be  a  eurve  and  should  1 
not  alter  the  bore  of  the  tube  (lig.  7  a).     If  a  aliarp  angle 


Ooou  Beku  (<>),  Bar  Bknt  (i). 


is  made,  llm  bore  will  be  narrowed  (fig.  T  b),  and  the  bend 
will   be  unsightly  and  weak,  and   liable  to   break   under  1 
a  small  straiii. 

Bend  the  longest  piece  of  glass  tubing  {4)  at  right  angles, 
80  that  the  shorter  part  is  about  two  inches  in  length. 
Keep  this  for  [iituio  u.=o. 

Tlia  Ransca-Ilame  is  not  suitable  Tor  bending  orrlinary  g]tas  tubing  1  . 
)U  obape  U  incanviinieiit,  and  Che  flame  is  ho  liot  tliat  it  softens  ihs 
glua  loo  lunrh  snil  caiuoa  it  to  got  out  of  niaitt. 

Q1*M  rod,  hull  glosi  tube,  ^i[iJ  tuba  with  thick  walls  or  small  Inrc, 
however,  uny  Iw  bent  iii  tlir  Biiuaen-flsme,  or  even  in  the  blonpipe- 


TuB  liLowni 


ITS  Uae. 


6.  'i'he  Blowpipe  is  u»ud  for  producing  a  small  but  very 
hot  Uame,  whJcli  con  be  made  to  assume  any  desired 
direction.  T!iii<  ia  efTected  by  blowing  a  fine  stream  of  a. 
from  the  mouth  through  a  gas-ilamc.  Tlie  blowpipe  in  held 
in  the  right  haiul,  ivith  it.s  finely  piorcud  tip  re.'ititig  on  the 


^ 


THE  MOUTH  BLOWPIPB. 


b. 


edge  of  the  biirner,  and  just  inside  the  flame  (fig.  8).  The 
mouthpiece  is  then  taken  between  the  lips;  and  after  the 
cheeks  have  been  blown  out  to  their  full  extent,  the  air 
contained  in  them  is  forced  out  through  the  jet.  This  produces 
a  small  pointed  conical  flame  in  the  direction  of  the  blast. 

The  chief  difficulty  in  using  the  blowpipe  properly  is  expe- 
rienced in  maintaining  the  blast  of  air  iminterrupted  by  the 
breathing.     Patient  trial  will,  however,  remove  this  difficulty. 

It  must  be  borne  in  mind  that  the  cheeks  are  to  be  kept 
constantly  inflated  with  air,  and  that  the  air  must  be  forced 
through  the  blowpipe  by  the  pressiire  of  the  cheeks^  and  not 
by  the  action  of  the  lungs.     Breathing  is  carried  on  through 


Fig.  8. 


Fig.  9. 


Rounding  End  of  Glass  Rod. 


Drawing  off  Glass  Tube. 


the  nose ;  and  the  mouth  is  occasionally  replenished  with 
air  from  the  throat,  the  blast  being  meanwhile  maintained 
by  the  cheek-muscles  only. 

It  is  frequently  necessary  to  have  both  hands  free  while 
the  blowpipe  is  being  used.  This  may  be  secured  by  resting 
the  blowpipe-jet  upon  the  top  of  the  gas-burner  and  support- 
ing the  mouthpiece  by  the  lips  alone,  as  is  shown  in  fig.  9. 


I?.]  THS  BELLOWS  BLOWPIPE.  7 

A  small  flame,  made  luminous  by  nenrly  closing  the  mr- 
[  holes  of  tbe  Bmiaen-burnor,  is  better  Buiteil  for  most  blow- 
pipe-work than  the  ordinary'  noTi'lmuinoiis  flam'!. 

Ilia  important  that  the  hole  in  the  nozzle  of  the  blow- 
pipe ehoiild  be  small,  olae  a  good  Hame  will  not  be  obtained, 
and  it  will  also  bo  found  dillicult  to  maintain  a  uontinuouB 
blast. 

The  student  should,  as  soon  as  possible,  acquire  dexterity 
in  the  use  of  the  mouth-blowpipe,  since  its  flame  serves  for 
many  ol  the  shorter  heating  processes  of  the  chemical 
laboratory. 

y.  A  Fletcher-Biuuen  blowpipe  [Gg,  10)  wliioli  is  r«l  wltli  air  Irom 
the  FlBl«?Iier  fool-bellows  (fig.  11),  or  from  a  moolianicnl  or  watar 
blower,  is  often  ailvantsgeoualy  employed  for  maintaining  a  liigll 
tampcialure  in  fusion  prooesaea,  or  for  entensiva  glaiw-wotking  or  ghsa- 
blovdtlg.     It  vrill  also  be  foand  coQveniDnt  for  many  other  parposea. 

Tliia  special  form  of  Bansen-bumcr  blowpipe  (fig.  10)  is  auitabla  for 
mauy  porposes.  It  consists  of  a  Boriienbat  large  Bunsen-bomer  (i), 
Fio.  10. 


a.«v^ 


SMALL  IGNITION  TUBK. 


of  gw  mil  tlie  air-blast  are  regalatad  until  a  flame  af  tlie  noMt 
cliaractor  is  obtnineiL 

The  BuDBen  Obb  blowpipe  (1118)  will  he  fottnd  better  adaptrd  lljan 
tin:  Flf  [clier-lilonpipe  Sot  more  elaborate  piasB-blowiuR  and  working. 

The  Herapath  Gas-blowpipe  (iiiS)  is  cDiiveaieat  for  smaller  heating 
purjioaes.  It  can,  if  deaireJ,  be  rcnilily  blown  by  the  mouth.  It  may 
be  pnrcliased  without  the  Toot  and  the  tap,  tlit  upright  tube  being  then 
Blip])ed  down  the  tube  orn  Bunsen-baraur. 

A  Petroleum,  or  Spirit,  Blowpipe  (llt<]}  may  be  useil  where  raal- 
gos  ie  not  availablo.  It  possesses  the  advantage  of  being  portable  and 
of  renuiring  no  IhsHowh  or  air-bliiat. 

8.  Small  Ignition^tubes. — One  of  the  pieces  of  hard- 
glass  tubing,  about  five  inclies  in  length  (4),  is  drawn  out  at 
its  middle  point  by  heating  it  strongly  in  the  blowpipe-flame 
(fig.    9).     While   the    tube   ia   being   heated,   it  ia  hold  in 

FiQ.  12. 


Glass  Tl^bb  braws  out. 

both  hands,  and  is  constantly  turned  round  upon  its  long 
axis  in  order  to  eecure  uniform  heating.  As  soon  as  the 
glass  is  softened,  it  is  gradually  drawn  out  by  pulling  the 
enda  of  the  tube  in  opposite  directions.  The  narrowed 
portion  of  the  tube  (fig.  12)  ia  then  cut  across  (4)  at  its 
middle  point.  By  healing  the  conical  part  (a)  in  the  blow- 
pipe-flame, the  narrow  tube  may  then 
be  drawn  off,  and  a  small  closed 
(1    .  ^'^    tube   ia   obtained  (fig.   13).     If   the 

luNintiK-Tinit.  closed  end   is  heated  to  redness  in 

the   blow  pipe- flame,  it   may  Iwi   ex- 
panded into  a  small  bidb  by  gently  blowing  down  the  tube, 

Small  test-tubes,  three  inches  loug  by  half  an  inuh  in 
diameter,   will   also  serve  for  ignition-tubes. 

9.  Uotmted  Platinum  wireB, — Select  a  length  of  platinum 
wire  about  as  stout  as  an  ordinary  pin.  .Ascertain  that  the 
wire  doee  not  permanently  impart  colour  to  a  Bunsen-ilnme 


I 
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10,]  -      PtATJKL'M   WIRE,   STIRBING    ROD.  S 

whea  it  is  heated  to  bright  reilneas  in  the  flame.  Cut  o£f 
two  pieces  of  this  wire,  each  about  two  inches  in  length,  and 
proceed  to  fix  them  iu  glass  handles  in  the  following  way,  in 
order  to  prevent  them  from  heing  loat,  and  to  facihlate  their 
being  held  in  the  fingers. 

Draw  out  at  its  middle  point  (fig,  12)  the  piece  of  glass 
tube  (4)  about  five  inches  in  length,  and  cni  it  across  at 
the  middle  of  the  narrow  portion.  Each  of  the  pieces  of 
tube  thus  obtained  serves  for  the  handle  of  a  wire. 

Break  off  the  narrow  part  of  the  tube  until  it  extends  only 
alwut  a.  quarter  of  an  inch  from  the  shoulder  a  (fig.  12). 
Insert  the  end  of  the  platinum  wire  into  this  narrow  opening. 
Then  hold  the  end  of  the  tube,  containing  the  wire,  in  the 
blowpipe-flame,  until  the  glass  melts  and  thickens  around  the 
end  of  the  wire,  fixing  it  firmly  when  cold  (fig.  14).     The 
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md  of  the  wii 
into  a  loop  about  a 


may  then  he  rolled  round  a 
eighth  of  an  inch  across. 


10.  CrlasB  stirring- rods. — Remove  by  a  lile  any  small 
projoctions  from  the  ends  of  each  of  the  ^^lass-rods,  which 
were  made  (4)  by  cutting  some  solid  glass-rod  into  lengths  of 
about  three,  six,  and  seven  inches.  Then  heat  both  ends  of 
aaoh  rod  to  redness  in  the  tip  of  the  blowpipe-flame ;  the 
I  rod  being  meanwhile  constantly  turned  round  on  its  long 
8  (Gg.  U,  p.  ti).  The  sharp  edges  of  the  glass  are  thus 
I  rounded  by  fusion.  The  end  of  the  rod  must  not  be  allowed 
to  touch  anytliing  until  it  is  cool. 

Sometimes  a  veiy  slender  gloss  rod  is  required.  This  may 
I  be  oblaiued  by  heating  a  suitable  point  in  an  ordinary  rod 
>  witti  constant  rotation  in  the  hlowpipe-flame  until  the  glass 
I  ia  well  softened,  and  then  drawing  the  glass  out  to  the 
I  requisite  fineness.     See  lijj,    9  (p.    C)  uiiU   Hg.    12. 
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Boring  Corks. 

II.  A  Cork  may  be  Bored,  for  the  insertion  of  a  glass 
tube,  by  gradually  pushing  through  it  a  sharply  pointed  and 
slender  round  file  with  a  constant  twisting  movement,  and 
then  enlarging  the  hole  with  the  file  to  the  necessary  size. 

The  Cork-borer,  which  is  a  brass  tube  sharpened  at  one 
end,  is,  however,  more  commonly  used. 

A  borer  must  be  selected  which  is  rather  less  in  size  than 
the  glass  tube  which  is  to  be  inserted  into  the  cork.  The 
cork  is  then  pressed  against  a  wooden  surface  or  grasped 
firmly  in  the  hand,  and  the  perforation  is  made  by  gently 
pushing  the  borer  through  it  with  a  constant  movement  of 
rotation  backwards  and  forwards  upon  its  axis  (fig.  15). 
Caution  and  practice  will  enable  the  student  to  make  a  clean 

straight  hole  without 
Fio.  15.  ,      *  .  ., 

damaging  the  sur- 
rounding parts  of  the 
cork. 

In  making  a  single 
central  hole  through  a 
cork,  it  is  well  to  bore 
from  the  centre  of  one 
end  of  the  cork  half- 
way towards  the  other 
end,  and  then  reverse 
the  cork  and  bore  a  hole  to  meet  this  from  the  centre  of 
the  opposite  end.  In  this  way  a  hole  which  is  central  in 
position  throughout  the  cork  is  most  easily  obtained. 

A  slender  round  file  is  used  for  smoothing  the  sides  of  a 
hole  which  has  been  made  by  a  cork-borer,  or  for  slightly 
enlarging  it.  Great  care  must  be  taken  to  leave  the  hole 
round  in  shape,  and  not  to  enlarge  it  so  much  that  the  glass 
tube  fits  loosely. 

The  cutting  edge  of  the  cork-borer  is  sharpened  by  rubbing 
its  inner  surface  with  a  round   file,  and  then  rubbing  the 


BoRiNQ  A  Cork. 


BIWNG    rUK   WASH-BOTTLE. 


IT  sttrface  obliquely  with  the  fftco  of  a  Hut  or  triangular 


Bnbber  Stoppers  urn  perforated  in  a,  Bimilar  manner  by  a  sharp 
■rer  wliioli  is  Pithar  [iiirtly  filled  with  water,  or  to  uwistenwl  with 
idooliol  or  glycerinp. 


Fit 


1  TUB  Wash-bottle. 


12.  The  Wasb-bottle. — A  thin,  flat-bottomed,  conical  flask, 
iibout  eighteen  ounces  in  capacity,  and  not  lesa  than  an  inch  in 
diameter  in  th<i  neck,  should  be  fitted  aa  is  shown  in  6g.  IG. 

For  this  purpose  a  sound  cork  is  selected  which  ia  slightly 
too  large  to  enter  the  neck  of  the  flask,     The  cork  is  softened 

rolling;  it  backwards  and  forwards 
nodeT  the  foot  with  gentle  pressure :  ^^°-  '^* 

it  must  now  6t  tightly  into  the  neck 
of  the  flask. 

Two  pieces  of  glass  tubing,  rather 
longer  than  the  tubes  (a,  b),  are  then 
'bent  (5)  into  the  form  shown  in 
fig.  16.  Their  ends  are  cut  off  to 
the  right  length,  and  the  sharp 
edges  are  rounded  by  holding  them 
in  tlie  Bnusen-llame,  or  by  rubbing 
them  with  the  face  of  the  file. 

Two  parallel  holes  are  then  bored 
'^irough  the  cork,  with  a  proper 
oork-borer  (ll)  or  by  means 
of  a  tonnd  lile.  The  holes  must  Ih 
BOtnewhat  smaller  than  the  glass  tubes,  and  must  not  nin 
jnto  one  another  or  to  the  outside  of  the  cork.  They  are 
•mootlted  and  slightly  enlarged,  if  necessary,  by  means  of 
the  round  iile. 

Into  these  boles  the  tubes  (a,  h)  are  then  gently  pushed 
with  a  twisting  motion.  They  must  enter  somewhat  stifSy, 
ibut  without  requiring  much  pressure.  If  the  holes  have 
boon  liarelesaly  made  too  large,  the  tubes  may  often  be  made 


The  Wa; 


to  fit  by  slipping  upon  thGin  little  pieces  of  vetted  □ 
india-rubber  tubing,  ot  by  putting  the  wetted  pieces  of  india- 
rubber  tubing  into  the  holea  in  the  cork  before  the  glass 
tubes  ari!  pushed  iu. 

A  Bnbber  Stopper  ia  mucb  mote  darsble  than  a  cork  Tor  this  and 
tor  moat  other  chemital  purposes.  Il  raay  b«  purehiueil  wilh  tvfo 
bales  alreadj  mnde,  or  may  be  pttforjteJ  by  a  Bbarp  nell-wetted 
cork-burar  (ii),  ot  by  a  wetted  round  file.  Both  the  glasa  tubes  and 
the  inside  of  the  hole!)  ihoald  be  trell  vetted  befni'e  the  tabes  are 
pushed  in,  since  water  serves  ta  a  lubricant  for  glass  agsinst  indU- 

Before  the  further  fitting  of  the  wash-bottle  is  proceeded 
\vith,  the  cotk  with  the  tubee  is  inserted  into  the  neck  of  the 
fla^k.  One  tube  i^  then  closed  with  the  finger,  and  uir  is 
blown  tiirottgh  the  other  tube  into  the  fla^,  so  as  to  produce 
pressure  in  its  interior.  The  cork  is  meanwhile  carefully 
watched  in  order  to  ascertain  whether  there  is  any  escape  of 
air.  A  leakage  is  aa  a  riijo  easily  beard ;  hut  if  the  outside 
of  the  cork  is  wetted  with  water,  any  escape  of  air-bubbles 
nUl  be  readily  seen. 

If  the  cork  is  air-tight,  a  piece  of  rubber  tubing,  about 
an  inch  in  length,  is  pushed  upon  the  upper  end  of  the 
tube  (a).  A  short  jet  (c),  which  has  been  made  by  drawing 
out  a  piece  of  glass  tubing  in  the  flame  (tigs.  9,  12,  pp.  G,  8), 
is  fitted  into  the  other  end  of  the  rubber  tube.  Tlie  narrow 
opening  of  the  glass  jet  may  be  contracted,  if  necessary,  by 
holding  it  in  the  flame  for  u  short  time  and  shghtly  fusing 
the  edges  of  the  glass. 

If  the  wash-bottle  is  to  be  heated,  the  nock  of  the  flask 
should  now  be  hound  round  with  twine  like  the  handle  of  a 
cricket  bat,  or  tightly  covered  with  a  folded  strip  of  flannel. 
The  neck,  when  thus  protected,  can  he  grasped  with  comfort 
even  after  water  has  been  boiled  in  the  flask  and  the  neck 
has  become  heated  by  sti?am. 

The  wasb-bottte  ia  now  hlled  about  two-thirds  with  i 
tilled  water,  and  is  ready  for  use. 

Tap-Heater  thoidii  ttever  be  kepi  in  the  wwh-boHle. 

A  fine  Btraam  of  water  may  be  obtained  fiom  thu  jet  (c) 
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ly  blowing   down    thg   lube   (b).     This   stre»m   serves   for 
iraahing  precipitntea  and  for  other  purposes.     A  larger  stream 
,y  be  obtained  by  inverting  the  flafik,  when  the  water  will 
Row  out  from  the  end  of  the  tube  (i),  nit  entering  mean- 
while  by  the  tube  (a) :    this  stream  can  be  mnde  to  issae 
with  greater  force  and  speed  by  blowing  down  the  tube  {a). 
When  hot  water  is  required,  the  wash-bottle  is  supported 
.  a  tripod-stand  upon  a  pieue  of  coarse  iron-wire  gauze,  and 
heated  by  the  fiunsen-flame  :  or  it  may  be  heated  by  the 
small  Fletcher-burner  (fig.  3,  p.  3). 


When  Boiling  Water,  or  a  Liquid  which  gives  off  Vapour  or  (Ha 
b  lued  in  the  uuh -bottle,  a,  apeoiil  stopper,  ahown  in  ti^.  17.  alionh 
ba  fitted  into  the  neck  of  the  batUe,  in  order  to  [ir«- 
ir«at  the  v&pouT  or  gas  from  eutKriii§(  the  moullii 

The  itopper  ia  perforated  with  tliicn  ho  lea. 
rhrouRh  the  centre  bole  ia  paahed  a  abort  glass  tube 
s],  whii-h  Mriiiinntes  just  hI'Ovc  and  jimt  below  thu 
Stopper. 

Tha  other  hol^  carry  tho  jet-tuhe  (_h)  und  Che  hlon  - 
tuba  (c),  u  in  the  ordinRry  wash-bottle.  The  lowei 
end  of  Uie  blow-tobe,  howover,  is  llttitd  with  a  ralve, 
wLich  is  fonued  by  slipping  over  it  a  piece  of  rubber 
taba  with  a  slit  cut  in  it  {c)  and  closed  below  by  u 
pieee  of  glass  tod. 

While  the  wseb-bottle  is  being  used  the  tnbo  (a)  is 
closed  with  the  Hnger,  and  air  is  blown  in  through 
ths  rilvo  (c).  Tlie  valve  jirevonts  air  from  returning 
jthroogb  the  blow-tnba  and  introducing  vapour  or  gas  into  the  mouth. 
I  the  stream  is  to  be  stopped,  the  linger  is  removed  froui  the 
tab«  (a),  And  the  pressure  of  air  in  the  iat^rior  of  the  ll»sk  is  tbux 
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Hot-Watbb 


Cleaning  AfPABil'Ua. 

It  ta  indispensable  that  all  glass  and  porcetain  apparatus 
■hould  be  kept  gcmpuloUBJy  clean,  and  beforo  tlie  student 
begins  bis  work,  he  will  do  well  to  clean  his  set  of  apparatus 
I  is  (iitected  below. 

13.  Te8t-tube  Brush. — This  brush  is  constantly  in  ueo  lor 


cleaning  gla«a  and  porcelain  npiniratiiK.  The  piocp  of  sponge, 
which  is  ordinarily  fastened  on  the  end  of  the  brush  (iig.  18 
a),  does  not  adopt  itself  well  to  the  hottom  of  test-tubes  and 
boiling-tulx's.  A  much  more  efficient  end  ia  given  to  the 
brush  by  removing  the  sponge  and  then  bending  back  the 
end  of  the  wire  stem  sharply  upon  itself  at  a  point  just  above 
where  the  hairs  commence  (fig.  IS  i).  By  slightly  ciirvinf! 
the  part  of  the  stem  carrying  hairs,  the  brush  wiil  better 
adapt  itself  to  curved  surfaces  sueh  as  those 
'"*■  ^^-         of  porcelain  dishes. 

9 

14.  Test-tubes,    Beakers,    Funnels,    and 
Porcelain- dishes  arc  washed  in  a   stream  of 
tap-water,  their  surfaces  being  rubhed  mean- 
iM4        while    by  the    test-tube  cleaner   (fig.   16    h). 
IS  9        The   brush   must   be  cautiously  moved  as  it 
IP  MF      approaches  the  bottom  of  a  test-tube  or  boil- 
ing-tube, since  the  glass  is  very  thin,  and  is 
therefore  easily  broken  by  undue  pressure. 
C^Kk  •  1"  Glass    funnels    should    have    their  stcm.s 

cut  off  to  within  about  an  ineli  from  the 
shoulder  (4),  and  the  sharp  outer  edge  thus  produced  should 
be  at  once  removed  by  rubbing  it  with  the  face  of  a  triangu- 
lar lile.  The  inside  of  the  shortened  neck  can  then  be  easily 
cleaned  hy  rubbing  it  with  a  strip  of  wood;  or  by  inserting 
an  ordinary  tobacco-pipe  cleaner  from  the  shoulder  of  the 
funnel  so  as  not  to  cut  the  hairs. 

Occasionally  the  cleaning  brush  fails  to  remove  strongly 
adhering  stains.  Hot  dilute  hydrochloric  acid  will  remove 
most  such  stains;  but  it  is  sometimes  necessary  to  heat  a 
little  strong  sulphuric  or  nitric  acid  in  a  vessel  in  order  to 
cleanse  it.  Hot  solution  of  caustic  potash  or  of  ammonia 
may  also  ofton  he  used  with  ailvantage  to  remove  grease. 
In  fact,  when  a  substance  is  being  removed  from  a  vessel 
to  which  it  strongly  adheres,  it  is  well  to  consider  what 
the  substance  is,  and  then  remove  it  hy  a  liquid  in  which  it 
is  easily  soluble. 

Apparatus  should  be  washed  as  »ooti  as  possible  niter  it 
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libs  Ixien  used,  since  il  is  usually  more  difticitlt  to  cleaiiBO 
tbe  eiufacQ  after  tlio  apparatus  has  atood  aBide  for  soiuq  time. 
Eixcli  article,  aflgr  it  has  been  carefully  washed,  and  then 
repeaUsdly  rinsed  out  with  tap-water,  should  be  plnced  upside 
down  in  the  small  wicbcr-baaket  to  drain.  If  it  is  required 
for  immediate  use  for  analysis,  it  should  be  rinsed  out  with 
a  UWle  distilled  water.  The  removal  by  these  means  of 
wssbing-vater  is  necessary,  because  tap-water  usually  con- 
tains dissolved  impurities. 

The  inleriar  of  Qasks  ouil  botiles  h  orten  most  convenieutl;  clcanaod 
from  kdiiereut  matter  ni^chiuiiciiltj  by  shakiog  wntsr  and  sand  roand 
In  tLe  inlerior.     Sawdust  or  alii'eda  of  paper  may  replace  the  smiil. 

15.  Draining  Basket.— Before  apparatus  is  placed  in  the 
locker,  it  should  be  made  a  rule  to  wash  ail  gloss  and  porce- 
lain which  is  not  in  actual  use,  and  then  to  place  it  in  a  wicker- 
tiaslEet  to  drain.  The  basket  is  then  put  away  vrith  its  con- 
tonte.    Dirty  apparatus  should  never  be  kept  in  the  basket. 

All  iron  apparatus  should  be  carefully  dried,  and  must 
be  kept  in  a  dry  place  to  prevent  it  from  rusting.  Hetai 
apparatiif  mu«t  never  he  put  info  the  wii-kv-r  draimiig-baxket. 

16.  Platinum  foil  and  Flatinum  wire  are  cleansed  by 
boiling  them  in  hydrocliloric  acid,  and  then  rinsuig  off  the 
acid  with  water.  The  wire  should  t}ien  be  strongly  heated 
for  Bome  time  in  the  blowpipe- flame,  uatil,  when  it  is  wetted 
with  pure  strong  hydrochloric  acid  and  held  in  the  Bunsen- 
flame,  it  no  longer  persistently  colours  the  flame.  If  the  tip 
of  the  wire  cannot  be  cleansed  in  this  way,  it  shouM  be  cut 
oft  Commercial  platinum  sometimes  persistently  colours 
tbe  flame  :  wire  mnde  from  such  platinum  is  useless  for  flame- 
coloration  tests  and  for  spectrum  analysis, 

Flaliuum-foil  and  wire  should  he  kept  in  a  small  beaker 
<30Dt&iDing  strong  hydrochloric  acid  which  has  been  diluted 
■with  sufficient  water  to  prevent  it  from  fuming.     Wlien  the 

I  pl&Unura  is  removed  from  the  acid  and  has  been  rinaed 
with  water,  it  will  usually  bo  found  to  be  clean,  and  to  give 

I  no  colour  to  the  flame. 
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IS,  t^^l 


Heatimq  Glass  akd  Porcelain. 

17.  A  few  general  Precautions  shouM  he  obserTsd  in 
heating  glass  and  porcelain  vessels,  in  order  to  guard  againat 
cracking  them.  The  two  following  niles  apply  to  both  glut 
and  porce! 

A  vessel  containing  a  liquid  must  never  be  heated  by  the 
flame  above  the  level  of  the  liquid  inaide. 

A  dry  hot  vessel  must  be  allowed  to  cool  before  any  liquid 
is  poured  into  it,  and  before  it  is  placed  upon  a  cold 
surface. 

18.  Forcetain  VeBsels  witlistand  higher  temperatures  than 
glass  vessels,  and  are  not  so  liable  to  be  cracked  by  being 
suddenly  heated  or  cooled. 

I'orrelain  Dtn/iei^  are  generally  used  for  the  purpose  of 
evaporating  liquids  to  dryness,  or  for  concentrating  them. 
They  are  supported  on  a  pipe-clay  triangle,  which  is  placed 
upon  a  tripod-stand  or  a  retort-stand.  Porcelain  dishes  may 
be  safely  heated  bj  a  small  naked  flame. 

Porcelain  Crucihies  are  used  for  strongly  heating  solid 
bodies.  Crucibles  are  supported  in  the  same  way  as  porcelain 
dishes.  The  flarae  should  not  be  allowed  to  play  steadily 
upon  the  bottom  of  the  crucible  so  as  to  heat  it  suddenly  ; 
but  the  burner  should  be  constantly  moved  slightly  from  side 
to  side  iintd  the  porcelain  is  hot.  The  crucible  should  also 
be  allowed  to  cool  slowly  on  the  triangle,  since  contact  with 
a  cold  body  is  very  apt  to  crack  it.     The  hot  crucible  and 


4 
4 


;   handled   ' 


■    the 


cible- tonga, 


19.  GUbb  Vessels  require  to  be  Heated  more  cautiously 
than  porcelain  vessels,  A  large  naked  flame  must  never  be 
allowed  to  play  for  any  length  of  time  on  one  part  of  the  glass 
surface,  Wlien  a  test-tube  or  boiling-tube  is  being  heated, 
this  local  liealinr/  is  prevented  by  holding  the  tube  obliquely 
with  the  lon-er  pnrt  in  the  flame,  and  either  moving  the  tube  . 
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I'Klowly  up  and  down,  oi  constantly  turning  it  round  on  its 
I  axis  (fig.  19). 

Test-lubes  and  BoUing-tahe*. — Ordinary  test-tubea  are  too 

'  nuTOW  to  hoM  safoly  a  large  quantity  of  boiliiuj  liquid,  since 
the  upper  portion  of  tlie  liquid  is  liable  to  be  projected 
from  the  tube  during  ebullition.  A  small  quantity  of  liquid 
may  be  boiled,  and  a  larger  quantity  may  be  heated  short  of 
boiliog,  in  a  test-tube.     But  the  broader  boilwj-tules  are  to 

[  bo  preferred  when  a  liquid  is  to  be  boiled, 

Teat-tubea,  or  boiling- tubes,  ^vhich  are  not  full  of  liquid, 
ian  be  held  by  the  neck  while  thoy  are  being  heated,     Tliey 

I  ihould  be  supported  in  an  obliiiue  position,  so  that  the  fingers 

I  »ro  not  over  the  flame 

19).     If  steam  or  ^'^°:  "•■ 

I  vapour    is    emitted    in 

I  quantity,  all  risk  of  burn- 

I  ing  the  fingers  is  avoided 

I  by  bending  round   the 

I  neck  of  the  tube  a  atrip 

■■of  folded  'jlazed  paper, 

I'Or  of  leatJicr,  and  pinch- 

fting  the  ends  of  the  strip 

■  together,    close    to    the  , 

"■  tube,  as  is  ajiowu  ii 
figure.     This  eimpi 
vice   aerves  better  than 
Uiy  metal  holder. 

It  is  dangerous  to  use  a  atrip  of  utiylase-d  filter-paper,  since 
I  it  becomoa  wetted  it  breaks  aud  allows  the  tube  to  fall. 
Cniolble-tongs  must  never  be  iised  for  holding  test-tubea. 

O/oto  Flmks,  such  as  the  waalt- bottle,  are  most  safely  heated 
|ty  placing  them  on  a  jiiece  of  wiro-gauze  on  n  tripod-atand 
nor  the  Bunsen-flamo  (i),  or  they  may  bo  heakd  over  thu 
Flotcher-flame  (2,  Hg.  3).  In  some  laboratorioe  a  large  sand- 
Vtfa  or  water-bath  (fig.  45,  88)  is  available ;  the  flask  may 
a  be  healed  by  the  hot  pnnJ  or  by  tho  Btemn. 
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PREPARATION  AND  PROPERTIES  OF 
CERTAIN  GASES  AND  LIQUIDS. 


Oeoerol  Benmrks. — In  this  Section  full  directions  are  girai 
lireparation  of  aonic  of  ths  moie  important  gasea,  and  for  oBrtain  inr] 
ntruplive  expflrimenta  which  mny  ba  made  with  them.  The  proceMe* 
of  preparation  and  of  manipulation  required  for  theas  gues  are  more 
or  less  typical.  After  he  has  gained  experience  by  performing  thesL- 
experiments,  the  atndent  will  therefore  easily  j>rcpare  and  Gxpsri- 
ment  upon  other  gasea  from  the  hrief  directions  which  arc  given  here 
or  which  are  to  be  found  in  any  treatise  on  chemistry.  Two  examples 
of  the  process  of  iliBtillstion  am  also  appended, 

EzpeKments  which  are  described  in  small  type  may  be  oniitl«d  H 
time  is  timitod,  but  the  description  mnst  be  cBrefully  read  through. 

For  convenience  in  reference,  ]iaragraph  uumbera  are  printed  in 
tliiek  type  in  the  text  and  io  square  brackets  st  the  head  of  each  page. 

A.  fntl  list  of  the  apparatus  and  chemicals  which  are  required  for 
thb  Seetion  will  be  found  in  the  Seventh  Section.  The  description 
of  the  fitting  and  of  the  use  of  the  apparatus  has  been  already  given 
in  the  preceding  paragraphs  [1-19]. 

Directiooa  for  Working.~The  student  must  carefully  read  through 
the  whole  description  of  each  experiment  which  is  given  in  tliis  Sec- 
lion  before  lie  begins  to  ptirform  it.  Immediately  after  the  experi- 
ment has  been  sui^cessflilly  performed,  a  brief  description  of  it  shoold 
1«  entered  in  the  Note-Book.  Two  students  may  advantageously,  but 
not  necessarily,  work  together  through  this  Section,  In  the  snbse- 
quent  Sections,  however,  each  student  ehould  work  iuJcpeDdently. 

Onntion. — Strong  acids  are  vor;  corroeive  Itqnids,  »nd  great  care 
must  be  taken  not  to  get  them  upon  the  skin,  the  clothes,  or  the  work- 
inp-bnnrh.  Should  any  strong  acid  got  ujion  the  akin  or  the  bench, 
it  must  be  af  iMce  washed  otT.  If  it  should  be  spilt  upon  the  clothea, 
the  part  must  be  immediately  wotleil  with  aminuniu  solution. 


IfBililnto  add  has  remained  for  sooietimi'  on  the  clothiu,  it  will 
pradaae  >  red  ttais.  This  ma;  be  removed  by  ammoiiia  solutiDU, 
unlcHti  il  hu  be«n  cinsed  b;  oitrio  uid. 


20.  Preparation  of  Oxygen  from  Uercuric  oxide. — 
Wheu  iron  i.s  exposed  for  some  time  to  moist  air,  its  surface 
beconios  ixivered  with  rust.  Many  other  metals  undergo  a 
similar  change  in  moist  air,  but  the  alterution  thus  prodnced 
in  theit  appearance  ia  not  usually  as  uoticeabte  as  in  tlie  cose 
of  iron.  The  liquid  metal  mercury  Uoos  uot  rust  at  ordinaty 
tem|i«ratiites  in  air;  but  this  metal  becomes  slowly  coveted 
with  red  mercury  mat,  wheu  it  is  strotigly  heated  for  some 
a  tlask  open  to  the  air.  This  mercury  rust  has  re- 
ceived th<;  name  of  mercuric  oside.  The  fact  that  metals 
tiecoiDe  heavier  by  nistin^'  proves  that  somcthmg  is  added 
to  them  (luring  the  process.  This  la  confii'med  by  the 
foU  owing  e  I  penmen  I. 

l^xi'GBiMB.NT  1. — I'laci.>  in  a  small  perfectly  dry  test-tub*.* 
BuRicient  mercuric  oxide  to  cover  the  bottom.  Heat  the 
powder  in  the  Eunscii-fiamc  (l),  covering  the  end  of  the 
tube  loosely  with  the  thumb,  as  is  shown  in  fig.  20.  As 
Boon  as  small  drops  of  mercury  begin  to  appear  lipon  the 
inade  of  the  tube,  remove  the  thumb,  and  quickly  insert 
into  the  tube  the  burning  end  of  a  thin  slip  of  wood,  The 
flame  will  be  seen  to  burn  more  brightly. 

IleaL  the  powder  again  for  some  time  in  the  way  just 
4flacnbed,  and  then  introduce  the  glowing  end  of  the  slip 
the  tube  immediately  after  the  flame  has  been  blown 
Wit.  The  glowing  end  will  hurst  into  flame.  Tliia  behaviour 
with  a  glowing  slip  of  wood  is  one  of  the  most  remarkable 
properties  of  oxygon  gus,  und  is  frequently  used  as  a  (eft  for 
Its  presence.     It  i«  eominonly  known  as  the  "spark  test." 

The  small  globulex  of  mercury  on  the  inside  of  the  tiibu 
Day  be  made  to  imile  into  Utgei  oooa  by  rubbing  the  surface 
vith  a  gloss  rod. 


20  THE  SPARK  TEST   FOR  OXYGEN. 

Both  the  glcibulea  of  mercury,  and  any  red  oxide  whichil 
remaina,  should  be  preaerved. 

Tlio  chemical  change  which  haa  occurred  is  thus  repre-<| 
seated  by  a  ehemioal  equation  :  HgO  =  Ug  +  O. 

Siiice  heat  can  separate  mercuric  oxide  into  mercury  and  I 
oxygen,  the  rusting  of  mercury  evidently  conaiata  in  the  J 
metal  taking  oxygeu  gas  from  the  air.  This  accounts  for  the  ] 
iveiglil  which  the  metal  'inJergoes  while 
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rusting.  If  all  metal-rusta  could  be  decomposed  hy  heat,  1 
oxygen  might  be  obtained  in  the  manner  just  described  from  ] 
any  one  of  them. 

The  above  method  of  making  oxygen  is  instructive,  and  it  1 
is  interesting  because  it  was  the  first  means  known  of  pre- 
liating  the  gaa.  The  method  is,  however,  never  used  for  tlie  j 
preparation  of  large  nuantitios  of  oxygen,  since  other  mh-  ] 
stances  are  known  which  contain  a  larger  proportion  of  oxy- 
gen, and  which  give  it  off  when  they  are  heated  more  easily  ' 
than  mercuric  oxide  does.  These  substances  are  alsu  prefuirod' J 
on  account  i;>f  theit  greater  cheapness 
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21.  Preparation  of  Oxygen  from  PotasBlum  chlorate. — 
Potassium  chlorate  is  usually  uiuployed  for  the  [ireparation 
of  smaU  quantities  of  oxygen.  If  thii^  salt  is  heated  until  no 
more  gas  is  given  oS,  it  parts  with  the  whole  of  its  oxygen, 
as  is  shown  by  the  following  equation  :  KCIO„  =  KCl  +  0„, 


KxPBRiuBNT  2. — Heat  a  few  crystals  of  potassium  chlorate 
in  a  dean  dry  test-tabe.  The  white  salt  dciyrcpiiafe»  or  cTBckles, 
and  then  fu^i  or  melts.  When  the  liquid  salt  is  further 
heated,  it  appears  to  boil.  The  small  bubbles  which  are 
given  off  consist  of  oxygen  gas.  This  may  be  readily  proved 
by  holding  in  the  montli  of  the  test-tube  a  burning  or  glow- 
ing splinter  of  wood. 

22.  Preparation  of  Oxygen  from  Oxygen-mucture.— 
Oxygen  gas  is  much  more  readily  expelled  by  heat  from 
potassium  chlorate  than  from  mercuric  oxide.  But  if  the 
chlorate  is  mixed  with  a  small  quantity  of  some  other 
suitable  substance,  its  oxygen  is  driven  off  by  heat  with 
extreme  facility.  Manganese  dioxide,  or  black  osido  of 
manganese,  is  usually  chosen  for  mixture  with  the  chlorate. 
The  manganese  oxide  does  not  itself  seem  to  undergo 
nny  permanent  change  in  the  process. 


I 


ExFiBiHENT   3. — Powder 
potassium   chlorate  lo  fill  a 


finely  in  a  mortar  sufficient 
watch-glass.  Mix  tliia  powder 
in  the  mortar  with  about  one-fiftli  bk  much  powdered  man- 
ganese dioxide.  Heat  a  small  qiiautity  of  this  mixture  in 
a  test-tube.  A  comiwratively  gentle  heat  will  cause  the 
oxygen  to  he  rapidly  evolved,  and  the  gas  may  be  readily 
dctectei)  by  the  "  spark-test "  in  tlie  upper  part  of  the  test- 
tube. 

23.  PreparatioQ  and  Collection  of  Oxygen. — In  the 
preceding  experiments  tho  oxygen  has  been  detected  iu  tlie 
test-tabe  iu  which  it  was  prepared,  and  has  been  allowed 
to  pass  away  freely  into  the  air,  Wheu  the  gaa  is  to  be 
(Collected  in  a  vessel,  the  air  is  first  removed  from  liic  vessel 
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by  lilling  it.  with  water,  and  the  gas  ie  then  allowed  to  d 
place  the  water. 

In  order  to  collect  the  gas,  a  bent  gloss  deliveiy-tube  is  fitted 
hy  meabs  of  a  cork  into  the  mouth  of  the  tesHube  (fig.  21). 
The  end  of  this  delivery-tube  is  immersed  in  water  im 
difttely  beneath  the  mouth  of  the  ciUecting  vessel,  whioh  has 
also  been  inverted  with  its  nerk  in  the  water.  When  the 
teat-tube  is  heated,  the  oxygen  escapes  from  the  end  of  the 
delivery -tube,  and  passes  as  bubbles  into  the  collecting  vessel, 
gradually  displacing  the  water  from  it. 

This  process  of  coltectinn  oxygen  is  fully  described  in  the 
following  experiment. 

Fio,  21. 
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ExPHRiMBNT  4. — Select  a  sound  cork  which  is  soroe^ 
too   large    to   fit   the   mouth  of  the  test-tube   to  bo  used. 
Soften  it  by  squeezing  it,  or  by  rolling  it  on  the  floor  witti  I 
gentle  pressure  from  the  foot.     The  cork  should   now  fit 
tightly  into  the  mouth  of  the  test-tube, 

Then  bend  (5)  a  pieee  of  glass  tubing,  about  fourteen 
inches  in  length,  into  the  form  shown  in  fig.  31,  The 
bends  should  be  bo  made,  that  when  the  apparatus  is  fitted 
together,  the  test-tube  is  at  a  convenient   height  for  beinB  ] 


healed  by  the  flame,  while  the  eud  of  the  delivery-tube  dips 
about  an  inch  under  the  water  contained  in  a  strong  stone- 
ware pan. 

Now  make  a  hole  through  the  centre  of  the  cork  (ll)  ot 
such  a  size  that  the  glass  tuhe  fits  tightly  into  it.  Then  posh 
the  glasa  tube  into  the  cork  and  the  cork  into  the  test-tube, 
and  test  whether  the  apparatus  is  air-tight,  by  blowing  down 
the  open  end  of  the  delivery- tube.  No  air  must  be  heard  to 
esuBpe,  or  must  he  seen  to  bubble  out  on  moistening  the  cork. 
If  air  doee  escape,  a  fresh  cork  must  be  taken. 

Now  transfer  the  oxygen- mixture  (Exp,  3)  into  the  per- 
fectly dry  test-tube,  either  by  pouring  it  off  a  piece  of  paper 
folded  into  a  trough,  or  by  scooping  it  up  from  the  mortar 
with  the  mouth  of  the  test-tube.  Tlien  fit  in  the  cork  with 
the  delivery-tube. 

Before  the  test-tube  is  heated,  HU  the  jar,  in  which  the 
oxygen  is  to  be  collected,  with  water.  Close  its  mouth  with 
It  ground-glasa  plate.  Then  invert  its  mouth  in  water,  three 
or  four  inches  in  depth,  contained  in  a  stoneware  pan  or 
bowl,  and  carefully  remove  the  glass  plate.  If  this  operation 
has  been  performed  with  proper  eato,  the  jar  wiil  he  entirely 
filled  with  water,  and  no  nir-bubble  will  remain. 

Next  proceed  to  heat  the  front  part  only  of  the  oxygen- 
mixlute,  gradually  extending  the  beating  towards  the  hinder 
portion  as  the  evolution  of  gaa  slackens. 

The  teit-tube  may  either  be  held  in  the  hand  or  niny  be  inpporbd 
by  ■  clump  in  an  slmoaC  horizontal  poaitiou.  Tlie  end  coDlainiiig  ths 
raixtuTB  should  be  aomenhit  raiHed,  lo  u  tn  prevent  any  cundensed 
moisture  rrooi  trickling  back  upon  the  htsted  portion  sud  oncking  it. 
A  ilnall  (Umn  only  sliould  be  used,  in  order  to  prevent  ■nj'  part  of  the 
)(Iai>  from  being  loo  suddeoly  and  strongly  heated,  which  woald  be 
liable  to  crouk  or  melt  it.  The  fl-irne  should  ulso  at  llrst  bo  alowly 
mored  StoXD  side  to  side  for  the  aanie  reaaou. 

Oxygen  gas  will  soon  be  evolved,  but  it  will  not  at  once 
appear  at  the  end  of  the  delivery- tube,  since  it  has  first  to 
drive  out  the  air  which  filled  the  apparatus.  As  soon  as  the 
glowing  end  of  a  slip  of  wood  is  kindled,  when  it  is  held  at 
the  moutli  of  the  delivery-tube,  the  oxygen  baa  driven  out 
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the  air  and  is  Ijegianing  to  escape.    The  end  of  the  doliverj 
tube  ia  then  at  once  dipped  under  water  beneath  tbe  t 
of  the  jar,  and  the  stream  of  bubbles  wl!  rapidly  rise  in  the  ' 
jar  and  displace  the  vainT. 

A  alonevinre  beehive -slielt  will  be  found  convenient  Tor  EUtiporting 
tlic  jar  ia  the  bow) :  tbis  ia  abawu  io  lig.  2i  (p.  29),  But  the  jar  may 
ba  bcl<I  iii  tlie  band, 

Ab  boou  ae  the  jar  is  full  of  gas,  its  mouth  is  closed  under 
water  with  the  glass  plate,  and  it  ia  removed  for  experiment. 
The  jar  may  also  be  removed  by  slipping  under  its  mouth  a 
small  dish  or  saucer ;  the  water  which  is  taken  out  in  tha 
saucer  will  then  serve  to  close  the  mouth  of  the  jar. 

Three  jars  should  be  filled  with  oxygen  for  the  following^ 
esperiments.  One  vessel  may,  however,  be  refilled  with  th»j 
gas  after  the  completion  of  each  experiment,  if  a  number  of' 
jars  are  not  at  hand, 

If  at  aoy  time  the  gas  eboald  be  given  off  too  rapidly,  the  flame 
most  be  tetnoved  uatil  tlie  current  of  gns  nlnckcDl.  The  hinder  por- 
tions of  tbe  miiture  should  be  heated  only  after  the  ]Mtt  in  front  te- 
fuses  to  yield  sny  more  gas.  Whea  the  process  is  to  be  stopped,  the 
end  of  the  del  1*017 -tube  ■""*'  b"  removed  from  th 
gas  baa  teased  to  bubble  out;  and  the  hot  test-tiibe  mast  not  be  alloired 
to  touch  cold  or  wet  objeota,  vhich  would  craolc  the  gU 

24.  Combu&tionB  in  Oxygen. — Oxygon  gas  i 
tor  the  energy  with  which  it  combines  with  01 


heated  eubstances.  Three  examples  of  this  ptopt-rty  are 
given  in  the  following  experiments. 

ExPEitiMGNT  5. — Select  a  piece  of  wood-charcoal  about 

the  size  of  a  hazel-nut.  Place  this  in  a  metal  deflagratiiig- 
spoon.  Then  adjust  the  wire  handle  in  the  brass  cap,  so 
tliat  when  it  is  hold  beside  the  Jar  of  oxygen  with  the  cap 
on  a  level  with  its  moutli,  the  spoon  is  about  an  inch  from 
the  bottom  of  the  jar  (fig.  22). 

Kow  heat  the  charcoal  in  the  Bunsen-flame  or  the  blow- 
pipe-flame (6)  until  a  part  of  its  surface  glows.  Then  qiiickly 
place  it  in  the  jar  of  oxygen  witii  the  brass  plate  of  the  spoon 
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[  coveting  the  mouth  (fig.  22).     The  charcoal  will  burn  much 
I  more  htilliantly  and  rapidly  than  it  iloaa  in  air,  and  will 
coDTert  the  oxysen  into  carhon  dioxide 

g«tC  +  0,-CO,.  '"°-^'- 

When    the   combuation    ceaaea,   pour 

into  the  jar  some  clear  lirae-wnter  from 

small    beaker    or    test-tube.      Then 

quickly   close   the    jar   and   shake   the 

I   liquid  inside  it.     The  clear  lime-water 

will  become  milky.     This  indicates  the 

I  presence  of  carbon  dioxide  gae,  n.i  will 

I   be  hereafter  explained. 

EXFCBiHBNT  6.— Kemove  the  char- 
coal from  the  deflagrating  spoon,  and 
replace  it  by  a  piece  of  sulphur  as  Urge 
as  a  pea.  Heat  the  spoon  in  the  flame 
until  the  sulphur  melts  and  begins  to 
bum  with  a  pale  blue  and  almost  In- 
.  ., ,     „  T,.  1        IV  ■  Combustion  in 

ruible  flame.     Then  place  the  spoon  m  oitqen. 

a  fresh  jar  of  oxygen.      The   snlphur 
will  at  once  burn  with  a  much  brighter  flame,  converting 
the  oxygen  into  sulphur  dioxide  gas:  S-|-0;  =  S02.      The 
prceenac  of  thi»  gas  in  the  jar,  after  the  eombustion  hns 
ceased,  is  proved  by  its  sulTocating  smell. 

Poiu  a  little  water  into  the  jar  and  shake  it  round  ;  sul- 
pburoias  acid  will  at  once  he  formed.  This  acid  may  be 
KCOgnised  by  dropping  into  the  water  a  piece  of  blue  Ittmus- 
ptper,  which  is  immediately  reddened;  also  by  pouring  in  a 
j/ew  drops  of  red  potassium  dicbromate  solution,  the  colour  of 
wMch  will  be  changed  to  green. 

ExPKRiHBNT  7. — Kindle  any  sulphur,  which  may  remain 
In  the  deflag rating-spoon,  by  holding  the  spoon  in  the  Bunsen- 
flame.  As  soon  as  the  spoon  is  free  from  sulphur,  and  is 
again  quito  cold,  place  in  it  a  small  piece  of  carefully  dried 
pho^boniB  not  larger  than  half  a  pea. 

The  pho«rhoras  may  he  cut  witli  n  linife.  It  muat  lio  touched  ouly 
wilh  tto  Wass   touija  or  with   viet  Jiiigeri.     Phosphorus  a|iou!iJ  Ij^ 
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handled  ns  little  as  posaiblu,  doce  it  is  liable  to  be  kindled  hf  ths 
heat  of  the  hand,  and  it  thrn  causes  dacgerons  woundl.     This  lub- 
st»uce  should  alwayi  ba  kept  under  water,  and  should  only  be  ii' 
immediatsly  before  it  is  used,  bj  pressing  it  between  filter-paper 
lilotting-pu|ier  or  with  a  dry  cloth. 

Set  fire  to  the  phosphorus  by  holding  the  spoon  in  the 
flame,  and  noticR  that  it  burns  brilliantly  in  the  air.     Than 
place  the  spoon  in  a  jiir  of  oxygen.     The  phosphorua  will 
barn  much   more  brilliantly.     A   white  substance,  calli 
phosphoric  oxide,  is  the  product  of  combustion  both  in 
and  in  oxygen  :  Pn  +  O;  =  PjOj. 

When  the  phosphorua  has  ceased  to  burn,  pout  a  littln 
water  into  the  jar  and  shake  it  round.  Tiie  white  substance 
will  dissolve  in  the  water,  yielding  solution  of  phosphoric 
acid  :  F.JO^  +  3H„(J  =  2n„PU^.  The  water  may  be  proved  to 
contain  the  acid  by  dropping  into  it  a  piece  of  blue  litmus- 
paper,  which  will  be  immediately  reddened. 

25.  Tests  for  Oxygen.— Unless  oxygen  is  largely  diluted 
with  other  gases,  it  is  eaaUy  detected  by  introducing  into  it  a 
slip  of  wood  with  a  spark  at  the  end ;  the  epark  is  caused  to 
burst  into  flame.  This  teat  only  serves  for  the  detection  of 
oxygen  in  a  mixture  when  its  proportion  in  the  mixture  is 
large. 

Nitrogen  monoxide  gas  also  possesses  the  prapi^rty  of 
kindling  a  spark  into  flame,  but  this  gas  is  reatlily  distin-  . 
guished  from  oxygen  since  it  causes  a  greenish  halo  to  appear 
around  the  flame  thus  produced.  This  test  will  be  made 
later  on  (Exp.  49,  p.  51). 

Another  test  for  uncomhined  oxygen,  whea  it  occurs  alone 
or  in  gaseous  mixtures,  depends  upon  its  power  of  colouring 
nitric  oxide  gas  reddish-brown.  This  is  a  most  characteristic 
and  trustworthy  test ;  it  will  be  tried  later  on  (Exp.  27,  p,  39). 
The  test  serves  to  distinguish  oxygen  from  nitrous  oxide  gas, 
which  gives  no  colour  when  it  is  mixed  with  nitric  oxide. 

A  mixture  of  solutions  of  potassium  hydrate  and  pyiogallal. — 
is  coloured  brown  by  contact  with  oxygen  gas. 
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26.  Preparation  of  Nitrogen  from  Air. —Atmospheric  air 
couaiats  mainly  of  a  mi\turp  of  oxygen  with  nitrogen.  In 
order  to  remove  the  oxygen  aod  obtain  the  nitrogen,  phos- 
phorus may  bo  burnt  in  some  air  confinert  over  water.  The 
phosphoric  oxide  thus  formed  is  allowed  to  settle  down  and 
diflsolve  in  the  water.  Tho  volume  of  nitrogen  which  re- 
mains will  be  found  to  amount  to  four-fiftha  that  of  the  air 
employed.  The  gas  may  bo  shown  to  have  the  property  of 
extinguishing  a  ftame. 

Fin,  23. 


EXPBBIMENT  8.— Place  a  amall  piece  of  well-dried  phos- 
phorus in  a  little  dry  porcelain  dish  and  float  the  dish  upon 
some  water  in  a  pan.  Then  place  an  open  bell-jar  as  a  cover 
over  tho  floating  dish,  imiiieraing  the  mouth  of  the  hell-jar  in 
the  water,  and  alloiving  it  to  rest  on  two  strips  of  sheet-lead 
which  have  been  laid  upon  the  bottom  of  the  pan  (fig.  23). 

Kindle  the  jihosphorud  by  touching  it  with  the  end  of  a 
long  piece  of  wire,  or  of  a  glass  rod,  wliich  has  been  heated 
II  the  flam>>  and  then  pushed  down  through  thu  nei:k  of  the 
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bel!-jar.     Immediately  insert  the  cork  or  stopper,  and  hold 
down  the  jar  until  it  stands  steadily  by  itself. 

When  tho  phosphorus  Ima  suited  with  all  the  osygen  of  ■ 
the  inclosed  air,  it  ceases  to  burn.     Water  will  then  gradu- 1 
ally  rise  in  the  bell-jar,  as  the  heated  residual  gas  contracts 
by  cooling.     The  water  will  ultimately  rise  in  the  bell-jar 
and  fill  one-fifth  of  the  space  which  was  previously  occupied 

27.  Test  for  Nitrt^en.  — Now  pour  water  into  the  pan, 
until  it  stands  at  the  same  level  both  inside  and  outside  the 
bell-jar.  Remove  the  cork  or  stopper  and  introduce  a  burn- 
ing taper  or  strip  of  wood.  The  flame  will  be  at  once 
estinguishod  by  the  nitrogen. 


Htdbogen  oas. 


28.  Preparation  of  Hydrogen  from  Hydrochloric  acid. — 

Water  consists  of  oxygon  combined  with  another  gas  called 
hydrogen.  Several  proceaees  are  known  for  preparing 
hydrogen  from  water.  Hydrogen  is,  however,  also  a  con- 
stituent of  all  acids,  and  it  is  most  readily  obtained  from 
flertain  acid.i  by  the  action  of  mntals  upon  them.  ^ 

KxFBBisrENT  9.^Fit  the  necks  of  a  two-necked  WoulFTa's  J 
bottle  with  perforated  corks,  one  of  which  bears  a  thistle- 
funnel  whose  end  reaches  nearly  to  the  bottom  of  the  bottle, 
and  tho  other  a  bent  tube  terminating  just  below  the  cork 
(fig.  24).  Then  attach  a  bent  delivery-tube  to  this  tube  by 
means  of  a  short  piece  of  tightly -fitting  rubber  tubing. 
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Flit  into  the  bottle  sufficient  granulated  sine  to  cover  the 
bottom,  and  replace  the  cork,  Then  ascertain  that  the 
apparatus  is  air-tight  by  closing  the  end  of  the  delivery-tube 
and  blowing  down  the  this  tie -funnel.     Now  pour  water  iq  . 
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I  through  the  fuuiiel,  until  the  ziiic  and  the  end  of  the  fiuinol- 
I-  tube  are  covered ;  then  add  pure  strong  hydrochloric  acid 
I  gradoally  (see  Caution,  p.  18).  Hydrogen  will  he  seen 
\  rising  from  the  zinc  in  numerous  small  hubbies:  Zn  +  2HC!  = 
JUj  +  ZnCV 

29.  Collection  of  Hydrogen. — Dip  the  end  of  tlio 
'  doliTery-tube  under  wutor  contained  in  a  pan,  and  allow 
the  gas  to  bubble  out  through  the  water  for  at  least  five 
minutes.  This  delay  in  collecting  the  gas  is  necoasary  in 
order  to  give  the  hydrogen  time  to  remove  the  air  which 
filled  the  bottle. 

Fio.  24, 


Pnu'AiiA'rioN  iSB  CoLuurrtDN  or  Htdilodbh. 

It  should  bo  remembered  that  a  mixture  of  air  wilh 
I  hydrogen  burns  explosively  when  it  ia  kindled.  The  freedom 
r  of  the  escaping  gae  from  air  should  therefore  be  ascertained  as 
]  follows.  Invert  a  test-tube  filled  with  water  over  the  end  of 
I  the  delivery-tube.  When  the  teat-tuhe  Is  full  of  gas  close  its 
I  month  with  the  tlmrab,  and  remove  the  tube  from  tlie  water. 
I  Then  hold  its  open  mouth  to  a  flame.  If  the  gas  burns  with 
Kb  'light  exploaion,  the  tube  must  he  filled  again  with  the  gas 
I  and  the  experiment  repented, 

Aa  Boon  as  the  gas  burns  quietly  within  the  test-tube,  a 
LBOwtl  gkas  cylinder  may  bo  filled  with  water,  then  inverted 
tin  Uio  pan  of  water,  and  lillod  with  hydrogen  (liy.  '21). 

During'  th"  further  pd'paraLion  of  ^ae  for  Iho  fullowiny 
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experiiuuDtig,  it  will  be  found  occasionally  necessary  to  pour 
in  a  little  strong  hydrochloric  ai'id  through  the  funnol-tube, 
in  order  to  render  the  evolution  of  hydrogen  more  rapid.         J 

30.  Eydrogeti  is  lighter  than  Air.    It  ie  easy  to  ahovl 
lliat  hydrogen  rises  in  the  air  in  the  fallowing  way. 

KxFBBiuKN'T  10. — Hold  a  jar  of  hydrogen  for  a  short  time 
with  its  mouth  open  and  directed  upwards.  Thcu  introduce 
a  lighted  taper  into  the  vessel  No  hydrogen  fiame  will  be 
seen,  and  no  explosion  will  occur.  This  proves  that  the 
liydrogen  has  entirely  escaped  from  the  jar. 

Then  fill  the  cylinder  once  more  with  hydrogen,  and  hold 
it  for  a  short  time  with  its  mouth  downwards.  Now  push  up 
a  lighted  taper  into  the  jar.  The  hydrogen  ivill  bum  with  a 
pale  flame.  Note,  however,  that  the  gas  burns  id  thb  case 
with  a  slight  report:  this  is  due  to  air  having  mingled  to 
some  extent  with  the  hydrogen  by  spontaneous  i/iffm^ion. 

Since  hydrogen  has  not  escaped  downwards,  while  it  has 
rapidly  escaped  upwards,  it  is  ])roved  to  he  hgliter  than  air. 

31,  Collection  of  Hydrogen  by  Displacement.— Advan- 
tage is  often  taken  of  the  lightnesa  of  hydrogen  to  facilitate 
the  process  of  its  collection.  The  ga.^  is  allowed  to  directly 
replace  the  air  from  the  ven^ei  in  which  it  is  to  be  collected. 
For  this  purpose  a  straight  delivery-tube  from  the  hydrogen- 
apparatus  is  passed  up  to  the  top  of  tlie  inverted  veesel. 
The  hydrogen  then  collects  in  the  upper  part  of  the  vessel, 
and  gradually  pushes  out  the  heavier  air. 

KxPKiUMBMT  11. — In  order  to  fill  a  jar  with  hydrogen  by 
this  process  of  iHrod  •li^plai'^mnnt,  quickly  replace  the  bent 
tube  iu  the  cork  of  the  hydrogen  generator  by  a  straight  tube 
eight  or  nine  inches  in  length  (fig.  25).  Then  cause  a  brisk 
effervescence  of  gas  to  take  place  by  jrauring  some  strong 
hydrochloric  acid  down  the  funnel-tube,  and  pass  the  delivery- 
tuba  up  to  the  top  of  an  inverted  jar.  Allow  the  jar  to  reiaaiu 
in  tliifi  position  for  sever.1l  minutes. 


83,38.] 


COMBUSTION  OF  HVDaOOKX. 


31 


The  month  ol  ilia  jut  may  be  looaely  eloeed  by  a  jiiete  of  perforaUd 
mebJ  or  cardboard,  wliicb  rests  upon  a  small  piece  of  india-rubber 
bibin*  pnabed  oii  the  deli  very -tube.  This  will  liiuder  llie  spontaneoiia 
ntxtUTe  with  the  air.  or  di^iision,  wliich  occurs  when  llii;  hydrogen  is  ' 
is  contact  with  the  air. 

32.  Hydrogen  is  Combustible  but  ExtinguiBheH  Flame. 
Prove    this   by  means   of 

the  jur  whicli    has    ju.4 
boeii    filled    by    displace- 

Exi-ERIHSNT   12. — Eu- 
move    the    jar    (fig.    25). 
keeping  it  inverted,  and 
push  up  inside  it  a  burning 
wax  -  taper    five    or     six 
inches    in    length.      Th<' 
hydrogen  will  be  kindled, 
and  will  burn  with  a  pale 
flame  at  the  motith  of  thi' 
jar;  but  the  llame  of  tlir       ,    .,  ,    .  ,,., 
tfpei  will  be  seen  to  hi- 
extinguishod    by   the   gas.      Tlif    tapci'    iiinj, 
rekindled  by  holding  its  end  in  the  hydrogen  flame  which  le 
burning  at  the  mouLh  of  the  jar, 

33.  Hydrogen  forms  Water  when  it  is  Burnt  in  Air. — 
This  is  proved  by  burning  the  hydrogen  as  it  escapes  from 
the  apparatus,  and  then  condensing  the  steam  whicli  is 
formed  by  the  combustion  as  it  escapes  from  the  flame. 

EzFERiNRN"!'  13. — CoveT  the  generatiiift  bottle  and  funnel- 
tube  with  a  cloth  in  order  to  prevent  danger  in  case  of  an 
explosion,  and  light  the  hydrogen  at  the  end  of  the  delivery- 
tube  (fig.  25).  Then  hold  over  the  flame  a  tumbler  or  beaker, 
which  is  perfectly  clean,  dry.  and  cool.  The  inside  of  the 
glass  will  become  dimmeil  witii  raoistiiro.  This  shows  that 
when  hydrogen  burns  in  the  air,  it  is  uniting  with  oxygen 
and  producing  water :  U^  +  O  =  U/>. 


,   however, 
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In  order  to  mike  tlie  »lKive  result  eoncluaive,  the  liydroBon  shM 
be  Jritd  before  it  is  burnt,  since  it  will  »!»»(■»  oontain  moi 
ii«pour  of  wstur  derived  from  the  liquid  in  thfl  ganoralot.     TliB  _ 
nay  be  dried  or  dcsieaited  by  pssaing  it  through  some  sabstsnce  which 
readily  absorbs  moibture,  auoh  m  stroiiE  aalpburic  acid  or  frugmoiltB 
ot  wlid  calcium  chloride.      A  straight  tnbo  containing  frngments  ^^^ 
calcium  chloride  (fig.  26  a),  or  a  U-tabe  fill*!  with  pieces  of  puroiM-T" 
stone  mointenod  with  strong  sulphuric  acid  {fig.  28  b),  may  lie  co  " 
nected  wilh  tlie  hydrogen -apparalm  for  the  purpose  of  drying  tiie  gi 
A  more  convenient  form  of  IJ-tube  is  shown  in  fig.  27. 


34,  Ezplotion  of  aMiitwe  of  Hydrogen  and  Oxygen.— ,V  mixtur 
of  liydio;;iMi   Kith  hnir  it9   volume  of  oxygen   lams  with    vialfU 


.xplos 


1  when 


B  ffiodki. 


'  14. — Fill  a  short  thiuk-glass  cylinder  with  water, 
then  invert  it  in  a  pan  of  water.  Displace  ane-thtrJ  of  the  writer  in 
the  cylinder  wilh  oxygen  (23,  Exp.  i),  and  the  retnaimler  witli 
hydrogen  (38,  Exp.  9),  Let  the  Jar  abiad  witli  ita  mouth  under 
water  For  Sve  or  six  minutes  in  order  to  allow  the  giues  to  mix.  Then 
miss  the  inverted  jar  and  apply  ■  lighted  taper  to  its  mouth.  The 
mixture  of  gucs  will  buru  rapidly  with  a  loud  explosion. 


35.  Teets  for  Hydrogeai.— Hydrofjen  gaa  is  recognised  by 
burning  with  .1  p^lo  flume  wben  it  is  kindled  in  air  or  in 
oxygen.  Tlic  Ibiiuc  of  tlio  dried  j^na  dopoaits  wntnr  on  the 
iiimde  of  a  clean  cold  glass  vessel.  No  earboii  dioxide  ii 
(oimed  during  the  combustiou  of  tlio  gas  (38). 

WIi""  bydrognn  is  mixed  wilrli  hsif  its  VL>biuio  of  oxygon, 
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or  with  a  corresponding  volume  of  air,  and  the  mixture  is 
kindled,  it  bunia  explosively,  with  formation  of  moiature. 


Fia.  i28. 


Carbos  dioxidb,  or  Carbonic  ANHTDHrnB  gas. 

36.  Preparation  of  Carbon  dioxide  from  Bfai'ble. 

When  carbon  is   burnt  in   oxygen  (24,  Exp.    5)  carbon 

dioxide  gaa  reraains  in  the  jar,  mixed  with  nitrogen.    This 

gas  is  ea.^ly  obtained,  unmixed  from  nitrogen  or  other  gasos, 

by  pouring  hydrochloric  acid  upon  some  pieces  of  marble : 

CaCOa  +  2HC1  =  CO^  +  HjO  +  CaCI^. 
Chalk  or  limestone  may  be  substituted  for  marble,  but  it  will 
nsnally  froth  and  give  off  the  gas  too  rapidly. 

ESPKRIMRNT  15. — Rinse  out  the  hydrogen  apparatus  (fig.  34, 
p.  29),  or  fit  up  a  special  bottle  (fig.  28), 
and  place  in  it  some  small  pieces  of 
marble.  Push  into  the  rubber  joint  a 
delivery- tube  bent  at  nght  angles  {5)> 
as  is  ithown  in  6g.  28,  Then  pour 
through  the  funnel-tube  sufficient  water 
to  cover  the  marble  and  the  end  of  the 
funnel-tube,  and  add  strong  eoimnereial 
hydrochloric  acid  until  the  gaa  comes  off 
with  brisk  effervescence.  Place  the  de- 
livery-tube in  a  dry  jnr,  withits  end  nearly 
^uehing  the  bottom,  and  allow  the  gas 
to  paas  into  the  jar  for  several  minutes.       Cabdoh  Dioxidb, 

Carbon  dioxide  ia  much  heavier  than 
air,  and  it  will  therefore  soon  fill  the  jar  by  displacement ; 
that  is  to  say,  the  gaa  which  constantly  posses  to  the  lower 
part  of  the  jar  will  remain  there,  and  will  gradually  lift  out 
ihe  ait. 

Thia  gas  has  the  property  of  extinguishing  a  Rame,  and 
It  IB,  therefore,  easy  to  ascertain  when  the  jar  is  full,  by 
holding  a  lighted  taper  just  inside  its  mouth :  if  the  flame 
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CAKBON  DIOXIDE   A   HEAVY  GA3. 


ia  extinguished,  tlio  carbon  dioxide  h  shown  to  have  reached 
the  top  of  the  jar. 

ll  ia  well  to  prevent  diffusion  by  covering  the  mouth  of  the 
jat  with  a  small  disc  of  cardboard,  which  haa  liad  a  slit  or 
hole  cut  in  it  for  the  delivery-tube. 

Carbon  dioxide  is  largely  dissolved  by  water;  hence  thia 
process  of  collecting  it  by  direct  displacement  is  preferred  to 
collection  over  water,  which  would  entail  some  loss  of  gas. 


37,  Carbon  dioxide  is  Heavier  than  Air.     P 

.ends  to  fall  in  the  air  in  the  following  manner. 


0  that  it 


ExpBRiMBNT  16. — Allow  a  jar  of  carbon  dioxide  to  stand 
uncovered  with  its  raouth  upwards  for  a  few  miuiites,  Then 
introduce  a  burning  taper  iuto  the  jar :  the  flame  will  be 
immediately  extinguished.  Thia  proves  that  the  carbon 
dioxide  is  still  present  in  the  jar. 

Now  hold  t!ie  jar  for  several  minutes  with  its  mouth 
downwards,  and  teat  with  a  lighted  taper;  the  flame  of  the 
taper  will  continue  to  burn  inside  the  jar,  showing  that  the 
carbon  dioxide  has  been  replaced  by  air. 

These  experiments  prove  that  carbon  dioxide  is  heavier 

than  air,  since  it  hoa  remained  in  the  vessel  which  is  open 

above,  and  has  fallen  out  of  the  one  which  ia  open  below. 

EspRiitMaNT  IT, — As  this  gas  is  much  heavier  than  air,  it 

j^Q_  211.  '^'1  ^^  poured  like  water  from  one 

vessel  into  a  second  vessel  wliich 

is  full  of  air. 

A  jar  full  of  carbon  dioxide  is 
gradually  tilted  a  little  beyond  the 
horizontal  position,  with  its  mouth 
over  that  of  a  small  beaker  {fig. 
29).  After  the  jar  haa  been  held 
in  this  position  for  a  short  time, 
it  may  bu  shown  by  means  of  a  lighted  taper  that  the  gas 
has  left  the  jar  and  is  present  in  the  beaker. 

38.  Carbon  dioxide  turns  Lime-water  milky.— Tliia  is 
the  usual  test  for  detecting  tlie  presence  of  the  gas. 


S..1 


LIME-WATEB  TEST;  SOLCEILITY  IN  WATER. 
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ExpHBiMBNT  18.— Pour  some  lime-wator  from  a  teat-tnbe    ' 
01  small  beaker  into  a  jur  of  carbon  dioxide,  and  shake  tlie 
Uquid  round  in  the  jar.     The  Hme- water  will  at  once  become 
milky. 

The  lime,  which  was  dissolved  in  the  water  and  was  there- 
fore iDvisible,  has  been  converted  by  the  carbon  dioxide  into 
chalk  or  calcinm  carbonate  ;  and  this,  being  an  insoluble  sub- 
stance, remaina  mixed  as  a  white  powder  or  precipitate  with 
the  water;  CaHp,  +  C0^  =  CaC03-i-H„0. 

39.  Carbon  dioxide  disBolveB  in  Cold  Water,  and  is 
removed  by  Boiling  the  Water,  The  solution  of  the  gas 
probably  contains  carbonic  acid ;  CO.,  +  H^O  =  ILCO^. 

The  solubility  of  the  gaa  in  water,  and  its  removal  from 
wlulioQ  by  boiling  the  water,  may  bo  proved  aa  follows. 

ExpEBiuBNT  19. — Carbon  dioxide  ia  made  to  displace  the 
air  from  a  jar  wliich  has  been  previously  half  filled  with 
cold  water  {tig.  28).  The  mouth  of  the  jar  is  then  tightly 
closed  with  tbe  wetted  pahu  of  tlie  hand,  and  the  gas  and 
water  are  shaken  together  vigorously  for  a  short  time.  The 
mouth  of  the  jar  will  now  firmly  adhere  to  the  hand,  owing 
to  the  reduction  of  the  pressure  of  the  gas  caused  by  its 
alaorption  by  the  water. 

EXFHHiMENT  20. — A  further  proof  of  the  sohlbiHty  of 
carbon  dioxide  is  afforded  by  dipping  tbe  end  of  the  delivery- 
tnbe  (fig.  28}  to  tbe  bottom,  of  a  small  beaker  eontainuig 
walrr,  so  as  to  cause  the  gaa  to  babble  through  the  liquid. 
After  the  bubbles  have  passed  through  the  water  for  several 
tninutea,  a  few  drops  of  the  hquid  may  be  poured  into  a  test- 
tube  containing  lime-water ;  the  lime-water  vrill  immediately 
l>QComc  milky. 

If  a  little  blue  litmus  solution,  or  a  piece  of  blue  litmus- 
paper,  is  dropped  into  another  part  of  the  carlxmtc  acid  solu* 
tion,  the  litmua  will  become  red,  indicating  the  presence  of 
an  acid.     Preserve  this  portion  of  the  liquid  for  Exp.  21. 
B2>e  liquid  which  contains  catbomc  acid  will  be  found  to 
taste  reeembling  that  of  soda-water.     In  fact,  soda- 
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water  is  merely  water  which  has  been  made  to  dissoh'a  a  large 
quantity  of  carbon  dioxide,  by  shaking  up  the  water  wilh  tlie 
goe  under  pleasure.  By  testing  soda-water  with  lime-water  and 
with  litmua,  it  may  be  readily  shown  to  contain  carbonic  acid, 

ExpsBiUEHT  21. — Heat  some  of  the  water  which  cont^ns 
carbonic  acid  (Exp.  20)  in  a  test-tube  until  it  boils.  As  soon 
ae  the  beat  is  applied,  bubbles  of  gas  will  rise  in  the  water  j 
and  after  it  has  been  boiled  briskly  for  eeveral  minutes,  the 
liquid  may  be  proved  to  be  free  from  carbonic  acid  by  teat-  1 
ing  it  with  lime-water  and  with  litmus.  1 

Tlie  reddened  litmus  in  the  carbonic  acid  solution,  which 
wa£  put  by  from  a  previous  test  (Exp.  20),  will  also  become 
blue  when  the  solution  is  boiled. 

These  experiments  prove  that  carbon  dioxide  may  be 
completely  expelled  from  water  by  boiling  the  liquid    for 


40.  C&lciam  carbonate  disBolvea  in  Carbonic  acid  solu- 
tion, and  is  Precipitated  by  Boiling  the  liquid. 

E3PHBIMBNT  22. ^Dilute  some  lime-water  in  a  small 
beaker  with  about  an  equal  measure  of  distilled  water,  and 
allow  carbon  dioxidu  gas  to  bubble  through  the  liquid. 
MilkinesB  will  be  produced  at  first,  owing  to  the  formation 
of  calcium  carbonate.  But  if  the  gas  is  allowed  to  pass  for 
several  minutes  through  the  liquid,  tile  milkiness  will  gradu- 
ally disappear,  showing  that  calcium  carbonate  is  soluble  in 
carbonic  acid. 

When  this  clear  liquid,  however,  is  boiled  for  a  ahorfc 
time,  it  will  become  milky  again,  because  the  chalk  can  no 
longer  remain  dissolved  after  the  carbonic  acid  baa  been 
removed  (Exp.  21). 

When  the  water  is  poured  out,  part  of  the  calcium  ctt^ 
bonate  will  be  seen  adhering  to  the  inside  of  the  tube  ;  it 
may  be  readily  removed  by  rinsing  out  ths  tube  with  a  little 
hydrochloric  acid. 

The  alwve  experiment  explains  the  origin  of  the  coating 
or  inerwtalion  which  may  be  seen  inatde  kuttles  aud  steam- 
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boilers,  in  which  hard  chaLk-water  haa  been  boiled  for  some 
time.  Such  water  coiitaina  chalk  dissolved  hy  carbonic  acid; 
this  scid  is  removed  when  the  water  is  boiled,  and  a  great 
part  of  the  chalk  is  deposited  upon  the  inside  of  the  vessel. 

41.  Teats  for  Carbon  dioxide. — The  presence  of  carbon 
dioxide  gas  may  be  detected  by  ite  power  of  extinguishing 
a  burning  taper,  and  of  turning  lime-water  milky.  The 
Intter  test  distinguishes  it  from  nitrogen  and  from  certain 
other  gases  which  extinguish  flame. 

Detection  of  Carbon  Dioxide  in  the  Breath,  from 
a  Flame,  and  in  the  Air.— The  above  tests  may  bo  em- 
ployed to  prove  that  carbon  dioxide  is  evolved  from  the 
lungs  during  the  process  of  respiration,  and  also  Chat  it  is 
produced  by  an  ordinary  flame.  Tho  gaa  is,  therefore,  being 
constantly  introduced  into  the  air,  and  it  may  always  be 
detected  in  the  air  by  the  lime-water  test. 

EiPBBiMHNT  23.— Invert  a  jar  filled  with  water  in  a  pan 
of  water,  and  blow  the  breath  up  into  the  jar  through  a  glass 
tube,  one  end  of  which  is  dipped  beneath  the  mouth  of  the  jar. 

In  order  to  obtain  air  jmiu  tlie  lungs,  take  a  full  breath; 
then  expel  tlie  greater  part  of  the  breath,  so  as  to  roplauo  the 
ait  contained  in  the  windpipe  and  mouth  by  air  from  the 
lungs.  Allow  the  remainder  of  the  breath  to  bubble  up  into 
the  jar. 

Now  close  the  jar,  remove  it  from  the  pan,  and  introduce 
into  it  a  lighted  taper :  the  flame  will  be  immediately  extin- 


Fill  another  jar  in  the  same  way  and  shake  up  lime-water 
in  it.  Also  blow  tho  last  part  of  the  breath  through  a.  glass 
tuba  into  lime-water  contained  in  a  small  beaker.  The 
ttma-water  will  become  milky  in  each  cose. 

£xpBBiuENT  24,~Light  a  small  piece  of  candle  or  wax- 
taper  upon  a  detlagrating-spoon,  and  place  it  iu  a  bottle  of 
air,  the  raouth  of  which  is  closed  by  the  brass  plate  of  the 
spoon  (fig.  30). 


Fifi,  30. 


The  flame  will  bum  for  a  short  time  and  will  then  be  extin- 
guished. If  the  oanillo  is  relighted  and  replaced  in  the  bottle, 
the  flame  will  be  immediately  ex- 
tingniBhed.  The  extJDctioD  of  the 
flame  is  due  to  the  pretience  of 
carbon  dioxide,  and  to  the  leduction 
of  the  amount  of  free  oxygen  in 
the  air,  which  result  from  the  com- 
bustion of  the  canille. 

Now  pour  some  lime-water  from 
a  small  beaker  into  the  bottle  nnd 
shake  the  liquid  round.  It  will 
become  milky. 

A    aimilar    experiment    may    be 
performed  by  inverting  the  bottle 
over  a  smaL  gas-flnme,  closing  the 
mouth   of    the   bottle  with  a  ( 
BoTTLK.  plate  as  sooa   as  the   (fame  is 

tinguished,  and  then  shaking  Jtmft- 1 
water  in  the  bottle.  The  lime-water  will  become  milky,jl 
proving  that  carbon  dioxide  is  produced  by  the  combuationJ 
of  coal-gas. 

ExpBRiMKNT  2S. — Pour  some  clear  lime-water  intoawatch-J 
glass  or  clock-glaas,  and  allow  it  to  stand  for  a  few  minutoS'i 
exposed  to  the  air.  A  film  of  calcium  carbonate  will  gradu-  I 
ally  form  on  the  siirface  of  this  liquid  and  render  it  dull:  J 
the  film  will  be  broken  up  into  white  flakes  when  the  watoil 
is  stirred.  This  proves  the  presence  of  carbon  dioxide  iai 
the  air. 


42.  Preparation  of    Nitric  oxide  from  Kitrio  aeid. — Thia 
mny  be   prepared   by  the  aclion   of  diluted  nitrie  nuid  on  copper  : 
3Cu  +  8HN03=2NO+3Cu(HO,},-h4HiO. 

ExcRRiHBHT  2S.— CleaDSu  the  apparataa  which  has  been  already 
tued  for  the  preparation  of  hydrogen  (28,  Exp,  9),  place  Bome  copper 
clippiuga  or  turnings  in  it,  and  poor  in  water  until  the  end  of  the 
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inside  the  bottls.     Allow  this  ga»  to  bubble  ofFthroiigb  water.     After 
k  short  time  tlie  colour  will  almost  entirely  disappear,  au'i  s  coloilrleas 
gaa  ni»y  tlicn  U  collflcted  over  WBlor  iB  tlia  same  way  as  liydrogpti 
gaa  wu  oollNted  (ap). 

43.  Test  for  Nitric  oxide.— Nitric  oiride  ig  Mloorleti :  but  wben  it 
iB  ra'atd  wilU  free  oij-gcn,  nitric  oiido  is  convertfil  into  re Jdiah -brown 
nittogeu  pcrosidp. 

ExpbbihentST.— Invert  ajar  Blled  with  water  in  wkter,  and  Ell  it 
with  nitric  oiido  gas.  Then  either  pa?i  oxygen  up  into  it,  or  removs 
the  jar  from  the  water  and  allow  it  to  stand  with  its  mouth  open  to 
the  air.    The  entrance  of  the  oxygen,  or  of  the  air,  into  the  nitric  oxide 

The  origin  of  the  coloured  gas  which  was  seen  in  the  preparation- 
bottle  in  Exp.  28  i«  now  eipUined.  The  bottle  was  at  first  filled  with 
air ;  as  noon  as  the  (itst  portions  of  the  nitrio  oiidu  gas  vten  pro- 
dnwd,  they  therefore  mingled  wirh  the  free  oxygen  uf  the  air,  and 
formeil  nitrogen  peroxide, 

Till"  coloured  gas  ia  proiluecd  as  long  as  any  free  orygeu  remaini 
in  the  bottle.     The  colotircd  gas  is  rnpiilly  dissolved  by  water. 

OZIMHE  CAS, 

44.  Preparation  of  tteone  from  Air.— Oxygen  is  converted  hy  the 
influence  of  eleotricily  into  a  gas  iinown  as  oxona.     When  certain 
procauea  of  oiidatloa  are  tieiag  eSected  by  free  oxygon,  the  oiygan  i* 
also  partially  converted  into  ozone.     Oione  has  a  peculiar  smell,  and 

however,  oione  can  be  made  from  oxygen,  and  can  be  reconverted  into         ^^ 
oxygen,  without  any  change  of  weight  occurring,  ozone  is  only  altered        ^H 

oxidatioa  of  phosphorus  in  the  air  is  described  below.      If  economy        ^H 
of  time  and  trouble  jsjiu  object,  tlio  atudent  may  simply  road  through      ^^M 

ExPBBlMEKT  28.— Clean  the  apparatna  which  was  used  for  pre-  ^^M 
paring  nitric  oxide  (43,  Exp.  26),  and  replace  the  rubber  joint  and  tha  ^H 
bent  delivery-tube  by  a  test-tube,  the  bottom  of  which  has  been  drawn  ^^^| 
oiit  into  an  opeu  nozzle  (fig.  31).  The  joint  may  bo  made  by  a  piece  ^^M 
of  rubber  tube  or  by  a  perforated  cork.                                                            ^H 

Now  place  in  this  lube  n  sticlc  of  phosphorus,  about  an  ineh  in  ^H 
length  :  and   pur  water  alewly  in  through  the  funnel-tube  to  as  to        ^^M 

PKEVAHATION  OP  HTDROGKN  SULPHIDE. 

drive  the  sir  from  Ihc  interior  of  the  bottle  ovor  tlie  jihospliot 

out  through  tlie  no^^le.  a 

The  eaeiping  air  vdl\  be  fanncl  to  hare  tlie  peculiar  smell  of  oionii,  1 

fihowiug  timt  tlie  ozygen  of  tlie  air  M 

Fio,  S!.  lias  been  liartlj  M   "    '   ' '- *    ■ 


Prxpabatiok  of  Ozone. 


byc< 


Rith  tbc  [ihoflphoiiiE. 


45.   Test  for  Ozone.  —  Ozone 
actcttnUe  by  its  smell.     But  it  a 
also  separate  iodine  from  potaseiuni 
iudiile  :  and  this  ruction  Borves  ai 
a  ponfinnntflry  teat  for  the  gss.    The 
preseace  of  the  iodine  tiiiis  lilierated 
is    most   readily   indicated    hy   its 
poirer  of   turning   starch    soliitioo   1 
blue.  I 


EXftlKtMBHX    ! 


-Stir  a   little 


abarcb-poRdor  with  same  cold  water, 
and  ponr  this  gradually  into  some  water  which  is  bailing  brialdj  in  a 
small  porcelain  dish  :  then  cool  the  liquid.  Mix  a  few  drops  of 
potassium  iodide  solution  witli  part  of  this  starch -solution  in  the 
poi'Celiin  dish,  tnd  moisteu  a  strip  of  filter-paper  with  this  liquid. 
The  paper  thus  prepared  will  serve  to  detect  ozone ;  since  the  iodine, 
wbioh  is  separated  by  this  gas  from  the  potassium  iodide,  will  strike 
an  intense  blue  colour  with  the  starcli.  Prove  this  by  letting  tiia 
stream  of  ozooised  air,  prepared  aa  is  liirecCvd  abnvv  {Exp.  28),  imping*  1 
upon  this  teit-paper.  If  the  air  fails  to  turn  the  pa[ier  blue,  repeat  the  ] 
experiment  according  to  the  direcdotii  given  below  (Exp.  30). 

EzPBBiUENT  30.— Occasionally  it  will  be  found  difficult  or  impossible 
to  obtaiu  the  ozone  reaction  with  the  apparatus  described  in  Exp.  28. 
The  method  of  eiperimeut  should  then  be  modified  by  placing  a  few 
pieces  of  phosphorus  at  the  bottom  of  a  small  glass  Qask,  and  hanging 
a  strip  of  thp  moist  ozone  test-paper  (Exp,  28)  iuaidB  the  Bask.  The 
neck  of  the  flask  is  then  closed  by  a  watch-glass,  and  the  test-paper 
is  observed  at  intervals.  In  a  period,  which  may  vary  from  about  live 
to  twenty  tninntea,  the  chauge  of  colour  indicative  of  the  production  of 
OEone  will  take  place  in  the  test-paper. 


HTunoQBN  etTLrHiDB  g*8. 

46.  PreparatJon  of  Hydrogen  mlphide.^'This  gas  is  often  called 
sulphuretted  hydrogen, 

EZTBRIHIHT  31.~-It  may  he  prepared  in  the  apparatus  which  w 
osed   for  the  preparation  of  carbon  dioxide  (36,  Kip.  16),  find  may    ' 
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ba  collected  by  downward  displacement.  Smull  piMvcs  of  frrrons 
■ulpLide  are  introduced  into  tlie  cloaused  appar&tiu,  and  dilated 
hydrochloric  acid  is  poured  upon  them  through  the  fannal-tuha : 
Fc6  +  2H01  -  H^  +  FeCIr 

The  gas  is  very  poiBonous,  and  hns  n  foul  smell ;  it  muBt  tliererore 
be  prepared  in  the  drangbt-cloBet.  A  mixture  ot  this  gas  nith  air 
bums  eiplosivolj  wheu  it  is  kindled. 

The  giw  should  if  possible  be  oolleoteil  from  the  general  Inboratory 
apparatus,  which  u  p]ace4  in  u  snitable  drBUght-cloxot. 

47.  Teats  for  Hjrdrogen  atilphide. — Hydrogen  sulphide  ii  rncog- 
nisffl  liy  ils  peculiar  and  oiiensiTe  smell,  by  its  power  of  couverting  a 
colourless  salt  of  lend  into  brown  icad  rnjlli hide,  and  by  forming  pun- 
gent sulphur  dioxide  when  it  is  burnt. 

Kxi-KIUHKNT  32.  —  Moisten  n  piece  of  fitter-paper  with  lead  acetate 
solution,  and  txpoao  the  paper  to  the  gas :  it  will  become  dark  brown. 
Bum  tho  gas  in  a  gluaa  uylinder  and  iit  once  close  tbe  cylinder  with 
a  glaM  plate.  Note  the  depositiDn  of  yellow  snlphur  on  the  insidn  of 
the  glass  i  this  is  due  to  tho  supply  ot  oxygen  being  ininffioient  to 
aacare  the  complete  combustion  of  tbe  gas.  Slip  aside  the  glass  piste 
for  a  moment,  and  pour  iti  quickly  hoqia  water,  wiiich  has  been  fsiiitly 
oolonred  with  potissium  diuliroinate  solution.  Shake  this  liquid  about 
in  the  jar.  The  colour  of  tho  liquid  will  change  to  green,  showing 
that  sulphur  dioiide  is  present.  This  gas  is  thus  proved  to  be  a  pro- 
duct of  the  combustion  of  hydrogen  sulphide. 


L 


AhHOKIA   0A8. 

48.  Preparation  of  Ammonia  from  Ammonium  chloride. 
— Tlie  pungency  of  common  ^melliny-mlts  is  due  to  the 
amtnoaia  gas  which  is  conatautly  t'scaping  from  solid  Car- 
bonaie  of  ammonia. 

The  gas  ia  evolved  much  more  rapidly  if  either  Carhtmaie 
of  amvwnia,  or  Sal  ammoniar,  is  mixed  with  slaked-lime, 
and  the  mixtuie  is  then  geutly  heated. 

EZfBiiiMEKT  3,"?. — Powder  a  little  ammonium  chloride  or 
Sal  ammoniac,  in  a  mortar,  and  mix  with  it  about  an  equiil 
quantity  of  finely  powdered  alaked-Iime,  Ammonia  gns 
will  be  evolved  from  this  mixture,  and  may  he  readily 
detected  by  its  pungent  smi^tl : 

2NH,C1  -1-  CaH,jO..=2NH3  +  CaCl^  -I-  2H^0  . 


I 

J 
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49.  Preparation  of  Ammonia  from  Solution  of  Ammonitil 

—Ammonia  gas  is  reailily  exjieUed  from  its  solution  in  watetj 
by  means  of  heat.  This  forms  a  conveiiient  method  ctM 
obtaining  the  gas. 

ExFBRiUENT  34. — Pour  some  strong  solution  of  ammonia 
{Liquor  AvimoniOK  Forfi^sijwi)  into  a  small  flask  (fig.  32), 
until  IJie  flask  is  about  ono-quartcr  tilled.  Close  tho  neck 
of  the  flask  with  a  tigbtly-iittirig  perforated  cork,  into  which 
ft  straight  pieco  of  glass 
tube,  eight  or  nino  inches 
long,  has  been  fitted.  Then 
place  the  flask  upon  a  piece 
of  wire-gauM  011  a  tripod- 
atond,  and  heat  it  gently  by 
a  small  flame. 

Ammotiiagaa  will  at  once 
escape  from  the  liquid  with 
effervescence,  and  will  issue 
from  the  end  of  the  tube. 


Fin.  32. 


Sbce 


[>   COLLKOTIOS 


I  ammonia  i 
lighter  than  air  and  is  very 
solublo  in  water,  it  should 
be  collected  in  a  per/ectli/ 
dry  jar  by  tho  direct  dis- 
placement of  the  air.  The 
conveniently  sup- 
ported over  the  delivery- 
tube  by  paesing  it  through  the  ring  of  a  rotort-staud,  and 
allowing  its  mouth  to  rest  upon  a  cardboard  disc,  which  is 
supported  on  a  ring  of  india-rubber  tubing  slipped  upon  the 
delivery-tube  (fig.  32). 

In  order  to  ascertain  wlieu  the  vessel  is  filled  with  the 
gas,  it  is  only  necessary  to  hold  at  the  mouth  of  the  jar 
a  piece  of  red-litmue  or  yellow  turmeric-paper.  If  tho 
ammonia  has  fiUed  the  jar,  it  will  change  the  colour  of 
tile  litmus  to  blue  and  that  of  the  turmeric  to  reddish- 
brow. 


so,  Bl.]  ITS   COMBUanOM  AND   SOLUTION.  43 

50.  CombtiBtion  of  Anunotlia, — Ammonia  gae  does  not 
burn  continuously  in  cold  air,  but  it  burns  readily  in  strongly 
heated  air  or  in  oxygen  gas. 

ExpEfitxBKT  35.— Bring  a  Bunsen  gas-flame  close  to  the 
eod  of  the  delivery-tube  (fig.  32),  from  which  a  atream  of 
ammonia  ia  issuing.  A  pale  yellowish-green  Same  of  burning 
ammonia  will  be  seen  at  the  end  of  the  tube  as  long  na  the 
air  arotind  is  heated  by  the  flame. 

Tf  the  ammonia  is  kindled,  as  the  end  of  the  delivery-tube 
is  pnshed  up  into  a  jar  of  osygen,  the  ammonia  will  also 
continue  to  bum  in  the  oxygen. 

51.  Solubility  of  Ammonia  in  Water. — Ammonia  ia 
extremely  soluble  in  water,  and  must  therefore  be  ooUeoted 
either  by  displacement  or  over  mercury.  For  tjiis  reason  the 
inside  of  a  vessel  in  which  ammonia  ia  to  be  collected  should 
always  be  perfectly  dried,  in  order  to  prevent  less  of  the  gas 
from  occurring  by  its  absorption  by  the  moisture.  The 
aolubility  of  ammonia  in  water  may  be  proved  by  the  follow- 
ing experimonte. 

ExFBRiMBNT  36. — Fkce  a  jar  filled  with  ammonia  mouth 
downwards  in  a  vessel  of  water,  and  gently  shake  the  jar  so 
as  to  agitate  the  water  at  its  mouth.  The  liquid  will  rapidly 
absorb  the  gas,  and  will  rise  in  the  jar  until  it  lilla  the  space 
which  was  occupied  by  the  ammonia.  A  small  part  of  this 
space,  however,  frequently  remains  filled  with  air,  This  air 
liod  become  mixed  with  the  ammonia  during  the  process  of 
chiu^ig  the  jar. 

KxFEBiuKKT  37.— Pour  a  little  water  rapidly  from  a  small 
beaker  into  a  jar  of  ammonia  gas,  and  at  once  cover  the  jar 
with  a  glass  plate  or  with  the  hand.  Then  shake  the  water 
tound  in  the  jar,  and  pour  it  out.  The  hquid  will  be  found 
to  have  acquired  the  pungent  smell,  and  the  action  upon 
litmUB-paper  and  turmeric-paper,  wliidi  characterise  ammonia 
gas. 

This  liquid  is  in  fact  weak  Liquor  Amvwniae,  a  solution 
which  is  prepared  commercially  in  large  quantities  by  passing 
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Fio.  33. 


ammama  gaa  for  some  time  into  cold  water.  Even  at  ordi- 
nary temperatures  this  solution  slowly  gives  off  a  portion  of 
the  gas  which  it  contains,  and  it  furniehea  ammonia  gas 
readily  when  it  is  heated  (Esp.  34). 

52.  Ammonia  gives  White  Pmnes  with  Hydrogen 
ctloride  gas,— These  fumes  consist  of  particles  of  solid 
ammonium  chloride. 

ExPKKiMBST  38. — Pour  a  little  strong  hydrochloric  acid 
into  a  glaes  jar  (see  Caution,  p.  18) ;  close  the  mouth  of  the 
JEir  with  a  glass  plate,  and  shake 
up  the  acid.  Hydrogen  chloride  gas 
will  thus  be  liberated,  and  will 
mingle  with  the  air  contained  in  the 
jar.  Allow  the  liquid  to  run  out  of 
the  jar  by  slipping  aside  the  glass 
plate  for  a  moment, 

Place  this  jar  in  an  inverted  posi- 
tion over  another  jar,  which  contains 
"g/^S"^    ^^K"       ammonia   gas   and    is   also   covered 
Sr  with  a  glass  plate  (fig.  33  a). 

I  Then  withdraw  the  glass  plates, 

I  90  that  the  moutlis  of  the  jars  are 

I  in   contact   ('/)    and    the    hydrogen 

^^  M^ttf  ■  Jft  chloride  and  ammonia  gases  can 
^^^SSSItSSf^  freely  intermingle.  Dense,  opaque, 
wliite  fumes  of  solid  ammonium 
chloride  will  immediately  be  formed  : 
NH3  +  HCI=NH,C1. 
These  fumes  may  also  be  obtained  by  dipping  a  gloss  rod 
or  a  strip  of  filter-paper  into  some  strong  hydrochloric  acid, 
and  then  holding  it  in  the  ammonia  gas  as  it  issues  from  the 
delivery-tube  of  the  apparatus  (fig.  32),  The  wetted  rod  or 
paper  may  also  be  pushed  up  into  an  inverted  jar  previously 
filled  witli  the  gas,  or  may  be  held  at  the  mouth  of  a  bottle 
containing  slrong  sobition  of  a 


gas   may    be 


Ammonia  Ai 


)  BvHROOKh 


53.  Tests  for  Ammonia  1 


«■] 


CARBON   MONOXIDE   FROM   OXAUC   ACID. 
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PBBdily  recognised  by  its  pungent  Bmell  ;  by  turning 
moistened  red  libmUR-paper  blue ;  by  turning  moistened 
turmeric-paper  reddiali-brown ;  and  by  giving  opaque  white 
fumes  when  it  ia  brought  into  contact  with  a  surface  which 
has  been  moiatenod  with  etrmiy  liydrochloric  acid. 


Carbon 

This  gas  is  produced  when  carbon  dioxide  is  passeil  over 
red-bot  diarcoal :  CO^  +  C  =  2C0.  It  is  often  formed  in  this 
way  in  open  grates,  and  is,  therefore,  seen  burning  with  its 
obaiacteriEtic  blue  flame  at  the  upper  surface  of  the  glowing 
fnel.  The  gas  is  poi^onoua  when  it  is  breathed  in  any 
quantity. 

Two  methods  for  preparing  carbon  monoside  are  described 
(54'  55)'  '^''^  S"^  *^  most  easily  made  by  heating  sodium 
formate  with  sulphuric  acid  (55) :  but  the  preparation  from 
03talic  acid  (54!  is  also  described,  because  it  futuishes  a  good 
iliuetration  of  the  ordinary  method  of  purifying  a  gas  by 
waslung  it  with  a  suitable  liquid,  or  by  passing  it  over  frag- 
ments of  a  suitable  solid. 

54.  Preparation  of  Carbon  monoxide  fi-om  Oxalic  acid. 

—A  mixture  of  carbon  monoxide  with  an  equal  measure  of 
ctttbon  dioxide  may  be  prepared  by  heating  crystals  of  oxalic 
acid  with  strong  sulphuric  acid  : 

H,ao,.2UjO  +  H.,SOj  =  C0  +COj  +  HjSOj.SILO. 

ExpBBmtNT  39. — Pour  upon  a  few  crystals  of  oxalic  acid, 
oontained  in  a  boiling-tube,  about  twice  their  volume  of 
strong  sulphuric  acid,  and  heat  tlio  mixture  (see  Caution,  p. 
IS).  In  a  aliort  time  effervescence  will  commence,  showing 
that  gas  is  being  evolved. 

Intioduce  into  the  mouth  of  the  boiling-tube  a  glass  rod, 

}  which  has  been  freshly  dipped  into  lime-water ;  the  drop  of 

lime-water  hanging  upon  its  end  will  become  milky,  proving 
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that  carbon  dioxide  is  present  in  the  cscuping  gas.    Hold 
mouth  of   the  boiliog-tube  against  a  Bunsen-flamo, 
Same  irilt  appear  at  the  mouth  of  the  tube,  showing 
carbon  monoxide  gas  is  also  being  evolved. 

In  order  to  remove  the  carbon  dioxide  and  to  obtain  ptm- 
carbon  monoxide,  the  mixture  of  gaaea  is  either  washed  with 
solution  of  caustic  eoda,  or  it  is  passed  over  pieces  of  solid 
caustic  soda  or  soda-lime.  Cauatic  soda  absorbs  the  carbon 
dioxide  readily,  but  it  does  not  affect  carbon  monoxide  and 
allows  it  to  pass  on : 


CO  +  COj  +  2NaH0  =  CO  +  Na,,COj  +  HjO . 


J 


KiPKBiMBST  40. — Heat  a  mixture  of  oxalic  acid  crysti 
and  strong  sulphuric  acid  in  a  flask  fitted  as  is  shown  in' 
fig.  34,     Remove  the  flame,  and  moderate  the  beat,  as  soon   ' 
as  efl'ervescence  commences,  else  the  acid  will  froth  over. 

Allow  the  gases  which  are  evolved  to  pass  through  a  wasb~ 
ixtttle  containing  caustic  soda  solution,  or  througlt  a  suitable 
tube  filled  with  fragments  of  soda-lime,  or  with  fn^^ents  of 
pumice-etoae  moistened  with  strong  caustic  soda  solution. 
The  bulbed  tube  (a)  or  the  U-tuhe  (6),  shown  in  figs.  26,  27 
(p.  32J,  are  commonly  employed  as  receptacloa  for  the  sofid 


reagoiiU.  If  the  carbon  dioxide  is  to  be  complotely  removed, 
the  gases  must  be  poBsed  througb  two  or  more  sucb  tubc-s  or 
bottles,  and  the  BtrEam  of  gas  mu^t  be  slow. 

The  carbon  monoxide  gas  may  ha  collected  over  water. 
It  will  produce  no  milkinesa  when  it  ia  shaken  with  lime- 
water,  unless  the  stream  of  gas  has  been  so  rapid  that  the 
caustic  soda  has  not  been  able  to  ahsotk  the  carbon  dioxide 
completely. 

55.  Preparation  of  Carbon  monoxide  ftom  Sodium 
formate, — When  sodium  fonnate  is  heated  with  strong  sul- 
phuric acid,  carbon  monoxide  alone  is  given  ofT: 

NaHCO„  +  RjSO,  =  CO  +  NaHSO^.E^O . 

Carbon  monoxide  is  thus  readily  obtained  free  from  carbon 
dioxide.  The  preparation  may  be  carried  out  in  the  appa- 
ratus oliDwn  in  fig.  34,  but  the  washing-bottle  may  be  dis- 
pensed with. 

56.  Carbon  monoxide  Bums  in  Air,  forming  Carbon 
dioxide. — Carbon  raojioxiJe  resembles  hydro(,'en  by  being 
inflammable  and  by  extinguishing  fiame,  It  also  bums 
explosively  when  it  is  mixed  wilh  11  suitable  proportion  of 
oxygen  or  of  air,  and  ia  then  kindled.  Honee,  before  this 
gas  ia  collected  in  any  quantity,  it  should  be  proved  to  be 
free  from  air  by  filling  a  small  teat-tubs  and  seeing  that  the 
gu  bums  quietly  when  it  is  kindled. 

ExPBiiiusN'T  41. — Push  a  burning  taper  up  into  an  in- 
verted jar  filled  with  carbon  monoxide.  The  gas  will  burn 
with  a  blue  flame  at  the  mouth  of  the  jar,  but  the  flame  of  the 
taper  will  be  oxtinguiehod, 

As  soon  as  the  gas  has  ceased  to  burn  inside  the  cylinder, 
pour  in  a  little  lime-water  and  shake  it  about.  Tlie  liquid 
will  become  milky,  showing  that  the  combustion  of  carbon 
monoxide  in  the  oxygen  of  the  air  has  produced  coibon 
dioxide  gw:  CO  +  0  =  CO,^. 

57.  Test  for   Carbon   monoxide. —Carbon   monoxide  is 


recognised  by  burning  with  a  pale  blue  flame  in  the  air,  pro- 
ducing carbon  dioxide,  which  renders  lime-water  milky.        h 


58.  Frepftrstion  of  Chlorine  from  HydrocMoiic Mid. — Tliis^smajr 
whicli  has  been  employed  for  tho  jirepBra* 
tinn  of  carbon  laouoiide  (li^, 
34,p.  4fl].  Tbe  noshlng-bottle 
iu»y  cither  be  dUpenat^d  witb, 
or  it  ttiny  be  partly  filled 
with  v&tcr  in  order  to  free 
the  chlorine  from  hydrogen 
chloride  gta :  and  the  de- 
livery-tube aliould  not  be 
curbed  round  at  the  end  as 
it  ia  not  to  be  passad  under 
water  (fig.  S6). 
ExFBSiUGtjT     42,  —  Place 


aall    1 


s   Of    1 


CBLOaiM 


L:iiit'!ie  dioxide  in  the  clennaed 
tl  I'k  (fiK.  36),  Pourinstrong 
hjdi'Li^'liloric  sciil  which  haa 
liL'tn  uiiicd  nitb  utiaut  one- 
thinl  its  mcuui  e  of  water ; 
and  heat  tlie  niixturu  gently 
1  dmogbt-cloaeL    A  green- 


Uh-yellow  gaa  will   be   evolved.      Collect  the  gaa   by  diaplacemeat 

(Ebtp.  15,  36),  eince  it  is  much  heavier  thau  air: 

MnOj  +  <HGl-C],  +  MnCli  +  2HaO. 

Tbia  gaa  has  n  vnry  destructive  action  oa  tbe  longB,  and  must  on  no 
account  be  inlialed  in  any  ijuantlty. 

59.  Tests  for  Chlorine, — Chlorine  ti  UHUolly  reoognuwd  by  ita 
yellowiflh-grmti  colour,  by  its  peculiar  amell,  and  by  iW  property  ot 
bleaching  nioiat  vegetable  coloute. 

EXPERtULCMT  4S, — The  bUnohing-power  of  chlorjso  is  sliowu  by 
plftcing  a  piece  ot  moistened  litmus-pupor,  or  of  Twke]/-nd  fabric  dyed 
with  madder,  in  a  jar  of  the  gab    The  colour  will  be  destroyed, 

Wlien  a  bnming  candle  ia  plunged  into  a  jar  of  chlorine,  it  con- 
tinues to  bum  with  a  very  smoky  Oatne.  A  strip  of  Qltrr-juiper,  U'etted 
with  hot  tUTpentiae,  oatchea  fire  »iiontaneoualy  iu  chlorine,  and  givM 
rtM  to  Uenae  smoke.    The  hydrogen  only  of  these  combn«1ible  sub- 


ces  rombiiJua  witli  the  rhloriue,  forming  ^Jd^op;en  cliloride  ;  the 
carlion  separates  ia  the  frat  state,  giving  rise  to  ihe  smoke. 

A  piece  of  dutch-roil  or  of  copper-leaf  also  burns  eponlaneoutily  when 
(t  it  dropptnl  into  chlorine,  the  metal  boing  L-onyerte>l  into  its  chlorido 
with  jiroduction  of  heal. 

If  chlorine  isallotred  lo  bubbla  through  n  little  wnler,  the  nater  will 
Mquire  the  colour,  theaniFll,  and  thebleaching-poweroflhagas.  This 
n  that  chlorioe  is  soluble  iu  water,  and  eiplains  why  tlie  gas 
cannot  be  collected  over  water  without  loss. 

Wlien  chlorine  U  brought  into  contact  with  hydrogen  sulphide  (fig. 
83,  p.  14),  hydrogen  chloride  is  faritieil,  nod  9Ul|i1illr  is  dpixait'd  nn 
'  the  inside  of  the  vesaeU 


HVDI 
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60.  Freparatlon  of  Hydrogen  chloride. —When  sodinni  chloride 
ind  siilphnric  ntitl  are  hi-ftd'il  together  in  a  glass  vessel,  they  furnish 
hydrngoii  chloride  ami  aoclium  hydrogen  sulphate : 

NaCl  +  H,SO,-  ilCl  +  NaHSO, . 
SXPESIURST  44.— Cleanse  the  llaak  which  was  used  f or  the  prspara- 
tion  of  ulilorine  (flg.  35,  58),  and  place  in  it  several  himps  of  rock 
'  t»ll  [sodiuui  chloride),  Pour  in  some  strong  sulphuric  acid,  nhich  has 
n  dilnted  with  an  equal  volume  of  water,  and  heat  gently,  Hydro- 
'^loric  acid  gas  will  bs  evolved.  Its  escape  will  he  rendered  evident 
,<bf  tho  fnmcs  wUioh  it  produus  iu  ordinary  moist  air,  and  by  its  pun- 
-^nt  iiii«U :  also  by  its  power  oF  turning  blue  litinns-paper  red.  This 
"b  Iwarier  Ihun  air,  uud  slionM  bo  collected  by  dUplaoemcnt  (fig. 
3S),  since  it  dissolves  largely  in  uater. 

01.  Tetta  for  Sydrogen  chloride. — Tills  gas  maybe  recognised  by 
it*  pa  nguut  smell,  by  fuming  in  the  sir,  by  turning  blue  litmos  red,  and 
'bf  giving  opaque  while  ruines  with  amniomitgasorwithslrongammonis 

^■olntioa  (52).  A  itlll  more  clinrncterislii'  test  depends  upon  its  power 
Df  Ivndering  silver  nitrnte  solution  turbid,  b;  the  forma tiou  ofinsolubls 
in*ar  chloride. 

.  ExfKUItKJiT  4S.— Introduce  some  silver  nitrate  solution,  which 
hi*  bttu  aoi'lilied  with  nitric  acil,  into  the  gss  :  the  liquid  will 
it  one*  becoina  turbid.  The  ex]>criment  may  bo  tried  by  pouting  aone 
of  tho  lilTor  solutioa  into  a  jar  contiiiuing  the  gas ;  by  allowing  Uia  gss 
loptMinto  theaoluliou;  or  by  dipping  a  gloss  rod  into  the  diver  aohi- 
lion,  (Jid  than  Introducing  the  rod,  with  a  drop  hanging  upon  its  end, 
into  ajar  of  the  gns. 


SripsPB 


62.  Preparation  of  Snlpbnr  dioxide  from  Snlpltfiiic  acid.—Thi* 
giB  lina  nlreaiiy  been  niacle  by  barnitiy  sulphnr  in  oxygen  (24.  Eip.  fl). 
It  nmy  also  bo  prejiared  from  BCroug  sulphuric  ticid  by  heatiag  ibis 
acid  irith  copper. 

EXFKBiKENT  4S.— CleansB  tlie  reparation  Kaik  (fig.  36,  p.  48),  and 

place  some  capper  turniogB  in  it.     Then  poar  in  strong  commercial 

Bulphurio  acid,  and  heal  the  miiliirc.   Sulpliurons  oxide  will  La  evolved.  ■ 

wben  the  acid  has  been  heated  nearly  to  boilings  ■ 

Cit  +  2H^O,-SO,  +  CuS04  +  aHjO.  I 

The  gaa  may  be  cooled  and  (rashed  by  |>asaing  it  through  a  little 
water.  It  is  then  collected  by  displncemen  I,  since  it  ia  much  h«avi«r 
than  air  am!  ia  extremely  soluble  in  water. 

63.  Testa  tot  Sulphur  dioxide.— This  gaa  poeseises  an  extremely 
pungent  BDieil,  and  is  identified  by  the  followiug  tests,  of  which  tho 


first  is  the  fl- 


it eh; 


ExPBRIiraST  47.— Pour  into  a  jar  of  the  gas  some  dilute  solution  of 
potassium  dichromate  and  shake  it  round  ;  also  bang  paper  moiatened 
with  the  dichromate  solution  in  the  jar ;  the  reddish  colour  of  the  di- 
chromate  will  be  lapidly  chanf^d  to  green.  Prove  also  that  the  gaa 
is  freely  soluble  in  water,  and  tliat  its  solution  is  ncid  to  tent-paper, 
toming  blue  litmus-paper  red. 


NiTBORE? 
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64.  Preparation  of  Nitrogen  monoxide. — When  solid 
nitrite  is  heated,  it  melta ;  and  when  it  is  further  heated,  it  decom- 
poses into  steam  and  nitrogen  monoxide:  . 
NH,N0,-N,0  +  2H,0. 

BXPEEIMENT  4S.— Cleanse  tbe  Hast  (fig.  35,  58),  and  close  it  with 
a  singly  perforated  cork,  bearing  a  delivery-tube  which  has  been  bent 
twice  at  right  augles,  Beplnce  tbe  washing'bottlc  by  a  Saak  which  is 
closed  by  a  doubly  perforated  cork,  bearing  tubes  which  pass  just 
through  the  cork.  Weight  the  flask  by  pouring  shot  into  it,  so  that  it 
may  bo  sunk  into  a  pan  of  cold  wa[«r.  The  Sosk  serves  to  condense 
the  stvam  which  escapes  with  the  gas,  and  to  rool  the  gm.  Now  heat 
the  fUsk,  and  collect  tbu  uLtrogen  mouoiido,  which  is  much  he»ri(C'| 
than  air,  by  displacement. 


ETriK:fE,  OR  ETITTLKVB. 


65.  TeitB  for  Nitrons  oiide.— This 
iJolwtoil  bj  the  "spark-test,"'  and  by  u 


:  toloiiring  nitric  oxide. 
I  oxide  kindles  a  spark  □ 


BXPRGIMRNT    49.— Show   tl 

BpliuttT  of  wood  into  flame,  but  tlist  it  differs  from  oiygen  by 
prodnciog  a  greeniah  halo  aronnd  the  flame.  Show  further  that 
nitroas  oxide  Rives  no  ml  colour  with  nitric  oxide,  as  oxygen  dona 
C?Si  43) '  ''>''  (''i^  experinieut  the  gas  should  be  collected  over  water, 
rincB  air  may  remain  \n  it  if  it  has  been  collected  by  diaplttconient. 


Kthenb,  f. 

66.  Preparation  of  Ethene  from  Alcohol —Etlirne  nmy  1)d  pre- 
pared by  heating  alcohol  with  strong  sulphuric  acid  : 

C,H,0  -^  H^Oj  -  CH^  +  H,S04,  H,0 . 

ExrKRlMBKT  GO,— The  apparatus  shown  in  lig.  34  [54)  may  be 
uB«i),  The  flask  shoulil,  however,  lie  round  and  not  conical  in  Eh«|ie, 
and  must  not  be  lesa  than  fonrteen  oudi^s  in  capacity,  since  the  pre- 
{Kration-ioiiture  froths  cnttsidembly. 

A  mixture  of  one  volnme  of  alcoliol,  of  O'SS  apocillD  gravity,  nith 
fire  *o1uni«s  of  strong  sulphuric  acid,  is  made  by  aliaking  the  liijuidB 
tDgstker  in  the  gene  rati  ng-flaak.  This  mixture  nrnat  not  be  more  than 
half  an  inch  in  depth  in  the  flask.  A  solution  of  aodtnm  hydrate  is 
pUced  in  the  two-nocked  waaliing-bottle,  and  serves  to  absorb  the 
■ulphur  dioxide  which  escapes  during;  the  pi's )ia ration. 

The  mixtDre  in  the  gene  rating -flask  is  heated  carefully  with  con- 
stant watcliing,  since  it  is  apt  to  Froth. 

Ethene  gaa,  when  mixed  with  air,  burns  eiplosively,  and  rare  must 
therefore  be  taken  to  expel  the  air  from  the  preparation  vegsela  com- 
pletely before  any  qoantity  of  the  gas  is  collected  and  burnt.  Two 
oylindKrs  sbonid  he  filled  with  the  gas  by  collectiag  it  over  water,  and 
•notlicr  dry  jar  ahouH  be  tillod  by  direct  displacement  of  the  air. 

67.  Testa  for  Ethene. --Ethenu  may  be  rec-agnised  by  the  character 
tod  products  nf  its  flame,  and  by  jta  combination  with  bromice. 

ESPERINKNT  Gl. — Burn  ethene  in  one  of  the  wet  jars  and  note  its 
T*ry  luminous  flame.  Bum  also  the  gaa  contained  in  the  dry  jar  and 
BOla  that  the  sides  of  the  jsr  become  dimmed  witii  moisture-  Close  the 
}sr  in  which  the  gas  has  been  bnrnt  with  a  glass  plate  as  soon  as  thu 
sbuBtion  ia  endnd,  and  shake  np  the  products  of  combiistion  with 
lin*-iriit«T.  The  Ume-waler  will  become  milky,  proving  that  Mrbon 
dioxiile  is  also  a  prodnct  of  the  comhiistioii  of  ethene. 

Open  the  second  wet  jar  containing  ethcno  for  a  loomont,  pour  into 
It  ■  little  bromine- water,  and  shake  the  liqnid  with  the  gas.     Tlio 


colour  of  tlie  bromiue  will  cliuppesr,  ainco  a  colourless  rragmnt  liquid, 
ethene  Hibromiile,  ii  formed. 

Tills  potver  of  decoloariGing  bromiiie  is  n  characUtistto  prop<?it;  o^  J 
oth«ne  nud  of  certain  allied  gaacB. 


68.   Preparation  of  Hethuie    from   SocUom   acetate. — Tliix 

prepared  bj  heating  an  intimate   mixture  a!  dried  so<liu: 
vith  aoda-litne : 


NaC,H,0, + mo  H = CH,  +  NsjCO^ . 

EsfBRiHRNT  62. — Ht^at  some  urjatalllud  sodium  acetate  in  a 
■hallow  iron  sojiil-bath  over  tlie  Ruttsen-Qame,  until  steam  is  no  longer 
given  off.  The  salt  will  set  iuto  a  white  mass  as  it  cools.  Mix  ane 
part  of  this  dry  salt  with  fouc  parts  of  dry  sodfl-liiiio,  then  reduce  the 
mixture  to  fine  powder,  and  heat  the  powder  to  redness  in  au  apparatiil 
8tich  as  thai  shown  in  fig.  21  [p.  22),  It  ia  noceBaary  to  substiliite 
hard-glBBs  tube  for  the  test-tube,  siuoe  an  ordinary  test-tube  would  be 
softened  by  the  heat  which  must  be  applied  for  the  above  decomposi- 
Uon,  As  soon  as  the  sir  has  been  expelled  from  the  apparatus,  fill  two 
cylinders  with  mcthanu  orer  water  in  the  nsuil  way,  and  fill  another 
dry  cylinder  by  direct  displacement  of  the  air  by  the  light  gas, 

69,  Teata  for  Uetbuie. — Repeat  with  this  gas  the  tests  which  bare 
been  described  uuder  ethene  (67,  Exp.  51),  The  flame  of  methane  will 
be  found  to  bo  hss  Inminous  than  tliat  of  ethene,  but  it  will  yield  the 
same  products.  Bromine  water  will  not  lose  its  colour  when  it  ia 
shaken  with  the  gas,  showing  tlint  bromine  does  not  combine  with 
methane. 


Dktf.otios  of  oases. 

70.  Oertaln  Properties  of  the    Gaam,    which  bare  been  already 
described,  enable  tlieso  gases  to  bo  detected  when  Ihey  occur  alone  or  in 
a  sUte  of  mixture.     These  propei-ties,  which  serve  as  test)  for  the  pret- 
ence of  each  gas,  are  stated  below,  and  are  giren  iu  greater  dobu   1 
under  the  preoediog  deaoTtptioDs  of  the  iudividiml  gases.  j 

Oxygen  :  kiudlcs  a  glowing  splinter  into  flame,  and  gives  reddish- 
brown  gag  with  nitric  oxide  {25) ;  it  is  insoluble  in  water. 
Hydrogen  :  burns  with  a  non-luminous  liauio.  which  dep( 
and  forms  no  carbou  dioxide  (35)  ;  it  is  insoluble  in 
IfltTOgen :  is   incombustible,   extingiiiBhes  a   flame   [37),    and   giru   , 
negative  results  with  all  the  testa  which  are  hero  mentioned. 


DETECTION   OF  GASES. 
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Nitric  Mdde  :    is  coloiirlcsa,   but  becaitiea  reiidiah-brown  when  it 

misod  witli  nir  or  with  oxygen  [43). 
Kitrogen  Honoxide:  is  colourlesa ;  is  unchanged  bj  contnct  with  air ; 

bus  i  swMtiah  laito;  does  uot  colour  nitric  oxide;  kindles  a  glowing 

■plinter  into  fluuie,  end  givea  a  pale  yellonish-green  halo  ftruuod 

tiie  Hamc. 


ohloiide  :  funic! 


th 


r  ;  gives  dense  white  fumes 
dimolvet  in  w«tvt ;  the  aqueous  solution  reddena 
blue  litiDUs,  and  j^ves  a  white  curdy  preoijiitate  wben  it  ie 
mixed  with  silver  nitrate  solution  (61}. 

Ammonia :  pussesses  a  pungrnt  araell  ;  gives  dansc  white  riimes  with 
hydrogen  chloride  gaa  ;  dissolvea  in  watsr  ;  thi^  aquooua  sotution 
turns  red  litmus  blue  and  turmeric  brown  (53), 

Sulphur  dioxide  :  poBsvsAes  u  pnug^nt  smell ;  dissolves  in  water  ;  tlie 
uqueniis  solution  turus  blue  litiiiiia  red,  and  uhanges  the  led 
colour  of  a  drop  of  potassium  dichromato  solution  to  green  {63). 

Ejrdrogeii  lulpbide  :  possesses  a  font  smell  ;  burns  with  ■  blue  flame, 
yielding  water  and  sulphur  dioxide;  dissolves  in  water;  the 
■r|ucoua  soluliou  blaekens  a  drop  of  lead  ucotstF  solution  (47). 

Ohloriue  :  possesses  a  peeulisr  siooll,  and  uauaea  eougbing  ;  a  taper 
horns  in  the  ((as  with  a  red  and  smoky  Hume  ;  dissolves  slightly 
in  water  ;  tlie  aqueous  solution  hlesches  litmus  (59)  ;  both  Che  gsa 
and  its  solution  turn  paper,  soaked  in  solution  of  starch  and 
potusium  iodide,  blue. 

OarboD  dioxide  :  tritinguiiihes  ftanio  ;  is  incombustible  ;  inakca  lime- 
watrr  milky  ;  dissolves  slightly  in  wat«r,  and  the  solution  Tenders 
lime-water  milky  (41). 

Carbon  numoiide  :  burns  with  blue  flame,  fiirming  no  water ;  after 
the  eombustion  carbon  dioxide  is  found  by  shaking  the  product 
with  lime-water  (57) ;  is  insoluble  in  water, 

Mathane  ;  burnt  with  a  slightly  luminous  liunc,  proditeing  water  and 
carbon  diozido ;  dues  not  decolourise  bromiue  wiiter(69):  is  in- 
■oinbte  in  water. 

Stlieiie  :  burns  with  a  very  luminous,  and  Homewbat  smoky  lUme, 
proilucing  water  and  carbon  dioxide  ;  decolourises  bromine 
wster  (fij) :  it  almost  intoluble  in  wnter. 

When  a  miilnre  of  gases  is  being  exam iued,  it  should  be  romom- 
bered  that  those  which  act  chemically  upon  one  auDther  cannot  be 
rimullaneousl;  present    Such  mutuilljr  exclusive  pairs  of  gM^  "«• 


Ill  IL^  ;  NU,  and  J 


mSTILI^TION  ( 


0  and  NO  :  HCI  nn-J  NH, :  SO,  and  HjS  ;  CI  n 
SOi ;  H  iiiid  CI  ill  daylight. 

In  tasting  for  the  (ronstitnenta  of  a  tnixturo,  ■  brief  expoauro  of  ft  I 
ptirt  or  the  mixture  tn  &ir  would  detect  NO  ;  shaking  another  portion  ] 
with  water,  foll'-wad  hj  ezaminatiDn  nf  separate  portlona  of  this  solu- 
tion, would  detect  HCI,  NH].  SO,,  H^,  CI,  CO,;  a[iplicalioD  of  » 
Dame  to  another  portion  of  the  mixture  would  detect  O,  H,  N,  HjS,  CO, 
CHf,  and  CsHj.  Special  conlirniaior;  tests  should  be  applied,  whan 
ponible,  to  lupporC  the  coneluaions  drawn  from  the  above  guneral  tute.   ] 


ThH   F&0CB8S   op   DlBTILI^TION. 

71.  The  Process  of  DistillatiOD  eerves  to  separate  liqutds 
which  boil  at  a  comparatively  low  temperature,  either  from 
solids,  or  from  other  liquida  which  are  only  converted  into 
vapour  at  a  much  higher  temperature.  It  consists  in  boihng 
the  liquid,  and  cooling  or  I'oiuletuimj  its  vapour  into  a  liquid 
which  is  termed  the  diglillate.  Tlie  non-volatUe  aolid  or 
hquid  substances  are  left  behind  in  the  vessel  in  which  the 
liquid  is  boiled. 

The  purification  of  common  spring  water  from  the  solid 
substances  dissolved  in  it,  and  the  preparation  of  nitric  acid, 
will  serve  as  examples  of  this  process. 


Distillation  ( 
72.  Distilled  Water  is  made  ii 


Wa 


n  large  quantities  for  use  in ' 
I  chemionl  procesaes.  It  must  be  substituted  for 
ordinary  tap-water  in  the  process  of  analysis,  if  the  tap- 
water  contains  dissolved  sohds.  A  metal  still,  which  may  lie 
used  for  preparing  distilled  water  in  large  quantity,  is 
deseribed  in  pars,  1129-II3Z,  hut  a  small  quantity  of 
distilled  water  may  be  obtained  in  the  following  way. 

ExPKBtMKNT  53. — Pour  tap-water  into  a  clean  8-ounce- 
ratort,  through  a  fimnel  placed  in  the  mouth  or  in  the 
tubulure,  until  the  bulb  of  the  retort  is  half  full.  Support 
the  retort  on  the  ring  of  a  retort-stand,  or  upon  a  tripod- 
atuud,  with  its  neck  sloping  downwards ;  and  push  the  neck 


I 


78.]  TESTS   FOR  HALTS   IN   TAP-WATEK. 

of  the  retort  into  a  small  clean  flask,  wliicli  is  partly  immersed 
in  cold  water  contained  in  a  pan  or  bowl  (fig.  36), 

Now  proceed  to  boil  the  water  in  the  retort.  Carefully 
avoid  boiling  the  water  so  violently  as  to  cauae  it  to  pass 
over  into  the  neck  of  the  retort.  Steam  will  pass  into  the 
flask,  and  will  be  there  condensed  to  dietiiled  water.  The 
flrst  portion  of  the  distillate  ehould  be  shaken  round  ill  the  I 
flask  and  thrown  away,  as  it  is  apt  to  be  rendered  impiire  by 
rinsing  the  nock  of  the  retort  and  the  flask.  I'ho  distillation  j 
may  then  be  allowed  to  proceed,  the  distillate  being  collected 
in  the  flask.  , 

Fio.  30. 


73,  Testa  for  Salts  dissolved  in  Tap-water.— Some  of 
tlie  salts  which  are  ordmarily  present  in  tap-water,  may  bo 
detected  while  the  process  of  distillation  is  going  on. 

If  the  result,  whiob  js  lieBcribiid  under  my  one  of  tlie  following  J 
tcata,  ilocs  not  oocur,  it  may  lie  inferroJ  that  the  tap-wuter  is  fi«e  from  I 
that  particalar  i^ootititiieiit.      It  aboiitU  bu  understood  that  tlia  soft   ] 
vfstBf  (uiTiilies  of  some  of  our  largo  towns  aro  nlmoat  cntimly  free  from 
iliesolvciJ  soliila,  iinil  tliat  tliis  is  true  alfo  of  clean  rnin-watcr, 

ExFBRtUB.NT  64. — Make  each  of  the  following  tests  on  a    | 
separate  portion  of  the  water  contained  in  ft  test-tube, 

Cbloride. — Add  to  some  of  the  tap. water  several  drops 
of  nitric  acid  and  of  silver  nitrate  solution,  and  notice  whether 
the  water  becomes  turbid.     Turbidity  shows  the  presence  of  j 
cliti/rule  in  the  water. 


Calcium, — A  separate  portion  of  tap-ivater  in  another  teat*  ] 
tube  may  be  founi]  to  become  turbid  on  the  addition  of  some  I 
Bolutton  of  ammonia  and  of  ammonium  oxalate.  Dissolved  | 
etUeiujn  salts  produce  this  turbidity. 

Sulphate. —The  presence  of  mdplinte  would  be  indicated  fl 
by  a  turbidity  being  caused  by  the  addition  to  auothei  J 
portion  of  the  tap-water  of  a  few  drops  of  hydrochloric  acid  d 
and  of  bariiim  chloride  solution. 

Hardening  Baits. — Ascertain  also  whether  precipitation  of 
neap  is  caused  liy  the  tap-water,  owing  to  the  presence  in  it 
of  certain  dissolved  solids.  For  this  pnriwse  dissolve  a  small 
shaving  of  soap  by  warming  it  in  a  little  distilled  water. 
Add  a  drop  of  this  soap  solution  to  some  of  the  tap-water, 
which  half  fills  a  test  tube.  Close  the  mouth  of  the  test- 
tube  with  the  thumb,  and  almke  the  water  well.  If  harden- 
ing salts  are  present,  no  lather  will  form,  but  the  water  will 
be  rendered  more  or  less  turbid  by  the  separation  of  soap. 
By  the  gradual  addition  of  more  soap -solution,  the  initial 
turbidity  may  be  increaaud,  and  a  lather  may  be  produced 
wlien  the  water  ia  shaken. 


74.  Tests  for  the  Purity  of  Distilled  water.— The  dis- 
tilled water  from  the  flask  should  now  be  examined  by  the 
above  tests.  It  will  remain  clear  on  the  addition  of  the 
reagents,  and  will  at  once  give  a  lather  with  the  soap-solu- 
tion :  since  any  solid  substancea,  which  the  original  tap- water 
may  have  contained,  will  have  been  removed  from  the  water 
by  distillation. 

Distilled  water  should  r^ain  perfectly  clear  when  solutions 
of  ammonium  oxalate,  of  silver  nitrate,  of  barium  chloride,  and 
of  ammonium  sulphide  tat  separately  added  to  different  por- 
tions of  the  water.  These  tests  prove  the  absence  of  cal- 
cium salts,  of  chloride,  of  sulphate,  and  of  lead  and  iron  salts. 

DiiitiUed  water  should  also  leave  no  residue  when  it  ia 
evaporated  to  dryness. 

Occasionally  rain-iTBtcr,  and  even  a  town  supply,  wiU  ahotr  a  puri^ 
correaponding  to  tlmt   of  distilled  water  ;  such  water  need   no 
diitilled  before  it  ia  used  for  aualyticnl  purpoaos. 


7S.7fl.]  PltEPARATION   OP   NITfilC   ACID.  57 

pRKPARATios  OF  NiTiiic  Acm  BY  Distillation, 

75,  When  PotasBium  nitrate  ia  mixed  with  strony  sul- 
phuric acid  ajid  the  mixture  is  heated,  nitric  acid  is  formed: 

KKO,  +  H,SOj  =  HNO,  +  KHSO, . 

The  nitric  acid  may  be  separated  from  tiie  Roh'd  potassium' 
Butphate,  Avhicb  is  produced  at  the  aams  time,  and  from  exccai 
of  sulphuric  acid,  by  the  process  of  distillation. 

EsFBRiUBKT  55. — Cleanso  the  retort,  which  has  been  used 
for  the  distillation  of  water,  by  shaking  round  in  the  bulb  b 
little  dilute  hydrochloric  acid,  and  thoroughly  rineing  it  out 
with  water.  Let  the  retort  drain  for  a  few  miuutes,  and 
introduce  some  solid  nitre  or  potassium  nitrate  through  tha 
tubuluie. 

Then  place  a  funnel  in  the  tubulure,  and  pour  in  about 
double  the  measure  of  strong  sulphuric  acid ;  and  proceed  to 
distil  over  the  nitric  acid  as  in  the  pr<?cediiig  experiment 
(fig.  3G).  A  yellow  hquid  will  trickle  down  the  neck  of 
the  retort  into  the  flask.  This  Uquid  is  somewhat  impure 
citric  aai<l. 

The  liquid  which  remains  in  the  retort  after  the  distillation 
should  be  poured  out  aa  soon  as  it  is  cold ;  the  retort  may 
then  be  rinsed  with  water, 

76.  Teat  for  Nitric  acid.  —  Strong  nitric  add  emits 
pungent  fumes,  and  evolves  reddish -brown  gas  when  it  is 
brought  into  contact  with  copper, 

EiFBiiiHBNT  56. — Pour  a  little  of  the  acid  from  the  flask 
upon  some  small  pieces  of  copper  in  a  test-tube ;  a  reddish- 
brown  gas  will  escape  in  large  quantity.  An  explanation  of 
this  result  is  given  utidcr  the  test  for  nitric  oxide  (43).  This 
property  of  giving  raddiBh-brown  gas,  when  it  is  brought  into 
mulocl  with  eopper,  is  often  used  as  a  test  for  the  preseuoe 
of  nitric  acid. 


SECTIOI^    III. 


ANALYTICAL  OPERATIONS. 


Introductory  Remarks.  —  Before  the  student  tries  the  analytical 
reactions,  he  should  become  familiar  with  the  operations  which  are 
commonly  employed  in  chemical  analysis.  The  processes  will  be 
easily  understood  by  reading  through  the  following  descriptions,  and 
then  performing  the  illustrative  experiments  which  are  given. 

Caution. — In  all  analytical  work  the  vxUer  used  must  be  distilled 
waieVf  and  this  only  should  be  kept  in  the  wash-bottle. 


Solution. 

84.  The  Process  of  Solution. — Many  solid  substances 
gradually  dissolve  in  water,  when  they  are  stirred  or  shaken 
with  ,that  liquid.  Salt  and  alum  may  be  mentioned  as 
examples.  Certain  other  liquids  may  be  employed  instead  of 
water ;  and  if  they  cause  solid  substances  which  are  immersed 
in  them  to  become  partially  or  entirely  liquid,  and  to  mingle 
uniformly  with  the  liquid,  they  are  said  to  dissolve  the  solids. 

The  liquid  thus  obtained  is  called  a  solution  of  the  solid, 
and  the  liquid  which  dissolves  the  soHd  is  termed  the  solvent. 

Further,  a  solid  which  dissolves  in  a  liquid  is  said  to  be 
soluble  in  that  liquid;  if  it  does  not  dissolve,  it  is  said  to-be 
insoluble. 

Thus  when  water  is  shaken  with  sodium  chloride  or  com- 
mon salt  it  dissolves  the  salt,  yielding  solution  of  sodium 
chloride;  water  is  therefore  called  a  solvent  for  sodium 
chloride,  and  this  salt  is  said  to  be  soluble  in  water. 


SIMPLE   SOLUTION.  59 

The  process  of  solution  proceeds  most  rapidly,  wben  tho 
Bolid  aubstance  is  finely  powdered  before  it  is  stirred  In  Lbe 
liquid,  Biiic«  the  largest  possible  surface  of  the  substance 
is  thus  brought  into  contact  with  the  Bolvent. 

The  process  is  also  mucli  hastened  l-j/  hcaliwj  the  mlvent, 
partly  because  heat  causes  a  rapid  circulation  of  the  h'quid 
over  the  aohd,  and  also  bocause  a  solid  substance  is  usually 
much  more  soluble  in  the  hot  liquid  than  in  tho  cold  oue. 

Two  kiads  of  solution  may  be  distinguished,  namely,  simple 
tolvtion  and  chemieal  sohdiou, 

85.  Simple  Solution  occurs  when  a  substance  is  dissolveil 
by  a  liquid  without  undergoing  alteration  in  its  comjUBition. 
A  simple  solution  generally  possesses  the  taste,  colour,  and 
other  (general  properties  of  the  solid  wliich  it  contains.  It 
also  yields  the  solid  substance  again  when  the  solvent  is 
removed  by  eeaporation.  Tho  solution  of  potassium  nitrate 
or  of  copper  sulphate  in  water  is  an  example  of  a  simple 
solution. 

Ezi-HRiMENT  63. — Place  a  piece  of  potassium  nitrate  in  a 
staall  clean  beaker.  Partly  fill  the  beaker  with  water,  and 
stir  the  solid  about  with  a  glass  rod.  The  potassium  nitrate 
will  glowhi  dissolve  in  the  water,  and  the  solid  will  diminish 
in  amount, 

Now  heat  the  liquid  by  placing  the  beaker  on  wire-gauze 
over  a  small  flame;  the  solution  will  proceed  much  more 
rapidly. 

Powder  -another  piece  of  potassium  nitrate  by  crushing  it 
in  a  mortar,  and  tlien  nibbing  it  round  witli  the  pestle. 
I'laco  ttiie  powder  in  a  beaker,  pour  in  water,  and  heat  the 
botUim  of  the  beaker  on  wire-gauze  by  a  small  Bunscn-flame 
(fig.  37).  Tlio  potassium  nitrate  will  dissolve  much  more 
npidly  than  before,  showing  that  the  process  of  solution  is 
ftcceterated  by  powdering  the  solid  and  by  employing  heat, 
Uix  those  solutions,  and  preserve  the  liquid  for  future  use. 

Tlu  forniB  of  apparatus  which  arc  lined  for  dissolving  siilistauces  iu 
larger  fusutitiM  are  reprcsantod  in  Sg«,  37.  33.    Two  divides  lor  pre- 


Tonting  tlie  losa  of  the  boiling  liquid  by  spirtinR,  and  for  oliOKking  loss 
by  ev&]>oration,  nre  se^n  id  those  figurES.  The  btakor  is  cuvsred  with 
a  clock-glasa,  and  the  n^ek  of  the  Hask  is  jiartlj  covered  by  imerting  ft 
fiiuiii-l.      Tlieae  prucalitions  against  luss  nre  not  usually  neiiessaij.  W 

Expehiment  64. — Powder  a,  little  copper  sulphate  in  a 
mortar,  and  transfer  it  to  a  small  porcelain  disli.  Half  fill 
the  dish  with  water,  support  it  upon  a  pipe-clay  triangle 
placed  on  a  tripod  or  retortrstnnd,  and  heat  it  with  a  small 
flame.  The  hhie  copper  sulphate  will  dissolve,  yielding  a  blue 
aolution.     Keep  this  solutiou  for  future  use. 


These  experimenta  (63,  64)  ara  examples  of  simple  solutioi 
The  first  shows  tliat  a  colourless  solid  gives  a  colourla'ts  aolu-  * 
tion,  and  the  second  that  a  coloured  solid  ^ves  a  coloured 
solution.  This  is  generally  true,  and  hence  the  presence  of 
a  coloured  suhstance  in  a  solution  may  he  inferred  if  the 
liquid  itself  is  coloured. 

Moreover,  if  a  drop  of  the  potassium  nitmto  solution  is 
tasted,  it  will  bo  found  to  possess  the  aamo  taste  ae  the  solid. 

When  a  simple  tolution  is  being  analysed  its  colour  is 


CHEMICAL   SOLUTION. 


occasionally  tried  with  proper 


Fm.  39. 


ofnially  noted,  and  its  toeto  i 
piccautioDB. 

E<3.  Chemical  Solution  differs  from  simple  aolution  by 
producing  a  chemical  change  in  the  substance  which  ja 
undergoing  solution.  The  solution  therefore  contains  a  sub- 
stance nhich  differs  in  composition  from  the  undissolved 
solid.  Accordingly,  when  the  solvent  is  removed  by  evapo- 
■ration  the  original  substance  is  not  obtained, 

ExPKBiMKNT  65. — Place  in  a  test-tube  a  small  piece  of 
marble  or  of  calcium  carbonate,  pour  upon  it  a  little  water, 
and  heat  the  tube.  The  calcium  carbonate  will  be  found  to 
be  insoluble  in  water. 

Now  add  to  the  water  some  hydrochloric  acid :  effer- 
wuivna',  or  escape  of  numerous  small  bubbles  of  gas,  will 
occur.  The  piece  of  calciiim  carbonate  will  meanwhile 
alowly  diminitjh  in  size,  and 
will  at  last  entirely  disappear 
in  the  liquid,  if  sufficient  acid 
is  added. 

ExFBHLHZNT  66, — Place  in 
a  t«st-lube  a  small  piece  of 
copper,  and  warm  it  with  a 
little  water :  the  copper  will 
remain  undissolved.  Now 
odd  to  the  water  soma  nitric 
acid,  and  heat :  the  copper 
will  alowly  dissolve,  yielding 
a  r»ddish-brown  gas.  The 
metal  may  be  entirely  dis. 
solved,  if  sufficient  nitric  acid 
I  is  employed. 

Tliese    are   two    examples 

I  of  chemical   solution.      The 

'  calcium  carbonate  is  changed  by  the  hydrochloric  acid  into 

calcium  chloride,  and  tliis  substance,  iiot  the  calcium  <;ar- 

bo/tats,  remains  in   solution.      The  copper  is  changed  into 


SoLDrmtf  OF  i.  Solid. 


m 

ion  calciuiU^^ 


SOLUTION   OUT  OF  CONTACT  WITH   AIB. 

copper  nitrate,  which  is  then  ilissolred  by  the  water. 
solutions  would   therefore   furnish    on   evaporation  calcim 
chloride  and    copper   nitrate   respectively,  and   not   marble 
or  metallic  copper. 

It  will  be  nnticod  that  in  each  of  these  cases  a  gas  is 
given  off.  This  is  a  very  iisual,  but  not  a  universal,  effect 
of  the  process  of  chemical  solution.  The  distinguishing 
fact  is  that  the  solid  substanco  has  undergone  a  change  in, 
composition  in  the  act  of  passing  into  solution.  JM 

Usual  methods  of  effecting  chemical  solution  are  shown  i^M 
tigs.  38  and  39.  ^ 

It  is  soTnetimca  nrccsaaiy  to  dissolvs  a  sutjstiuice  nrithout  (■zposing 

it  to  contaot  with  tlie  air  diiriof'  the  process.     This  may  b«  effected  by 

lOBsiiig  a  stream  of  carbon  dinxiJo  through  the  vi'ssvl  in  which  tha 

sohition  ie  proceeding ;  or  tlio  oir  maj-  be  displaced  from  the  flask  bj 

FiQ.  40. 


I 


SoLunus 


earboD  dioiide,  mul  tlun  n  p.  il.n.ii.il  imik  msj  be  at  onoe  filled  inl 
the  neck  of  the  flask.  The  [wrfoiutiou  <;-LiiL-a  either  a  bent  tab*  with' 
its  cad  just  immemd  in  a  small  ipiaDtitf  of  distilled  nater  (Sg.  40], 
or  a  abort  talie  Burmoimled  by  a  piece  of  rubber  tnho,  which  is  closed 
with  a  solid  glass  atop|ier :  the  rubber  tohe  lias  a  slil  cat  in  it  by  a 
sharp  knife  (fig.  11),  and  this  slit  gives  egress  to  nny  gases  fh)i> 
^within,  but  exclndea  the  entrance  of  air  from  vtitbtmt. 


BVAPOfiATlON. 


EVAI'OBATION"   AND   CkYSTALLISATION. 

87.  The  Process  of  Evaporation, — When  it  ia  necessary 
to  separate  a  eolid  substance  ftom  the  hquid  is  which  it  is 
dissolved,  the  liquid  is  boiled  away  aa  vapour  or  evaporated. 
The  eolid  substance  is  then  left  behind  in  the  vessel.  The 
liquid  ia  usually  evaporated  by  heating  the  aolution  in  ao 
open  porcelain  evaporating  dish 

over  the  Bunsen- flame.  ^'*'-  ^^• 

ExFBKi»ENT  67, — Pour  the 
potassium  nitrate  solution  (Esp. 
63}  into  a  porcelain  evaporat- 
ing basin,  and  heat  it  over  the 
Bnnsen-flame  until  the  water 
has  been  nearly  boiled  away. 
Then  make  the  flame  amnller, 
and  continue  heating  until  the 
water  has  disappeared.  Solid 
potassium  nitrate  will  be  left 
in  the  disli. 

Towarda  the  end  of  the  pro- 
cess of  evaporating  a  solution, 
a  amall  flame  should  always  be  used :  and  in  order  to  pre- 
vent the  substance  from  spirting  out  of  the  dish,  the  flame  ia 
moved  about,  or  the  dish  may  be  covered  with  a  funnel 
(flg.  i'2)  or  with  a  round  filter-paper. 

The  procou  of  evaporation  over  ■  naked  flame  is  shown  iii  Sg.  42, 
and  the  coveting  of  tlie  li>[aid  dariag  tbo  latter  stage  of  the  proceia  ia 
indioated.  Fig.  43  UlnHtratcs  another  metlioil  of  eTaporatin);  on  a 
hmhd  iron  plate,  tbo  liquid  being  contained  in  a  beaker  instcvl  of  in 
a  dUh  :  the  nearer  the  bvaker  is  placed  to  the  part  or  the  plate  whicli 
b  heatrd  by  the  Hame,  the  more  mpid  will  be  the  eraporatioa. 

88.  Evaporation  at  Steam-heat  — It  is  often  necessary  to 
evaporate  more  slowly  at  steam-heat,  in  order  to  prevent  the 
spirting  of  tiie  liquid  or  the  over-heatmg  of  the  solid.  For 
this  purpose  the  dish  is  placed  ovei  boihng  water  upon  a 
water-batli :  steam  being  in  this  case  the  hLating  agent. 


EVAFOBATION  IN  D18H. 


vrith  water,  aiid  Ih  heated  bj  a  Biinseii-l'urner,     Tlie  upper 

portion  is  fitted  with  flat  shoet-coppor   rings   of   gradiially 

diminisLing  diamotere,  and 

the    top    of    tlie    bath    can 

thus    be    made  to   support 

vessels  of  various  sizes. 

A  mora  complex  form  of 

water-bath  is  shown  in  fig. 

45.     In  the  upper  surface 

of  this  bath  there  are  holes 

of    various    sizes,    designed 

to   St   vessels    of    different 

diraeuaions.      When    these 

holes  are  not  in  use,  they 

are  covered   by   lids  as  is 
SrscLEWATBii-R-vrn.  ^^^^^^  .^  ^^^  ^^^^^^     ^1^.^ 

wator-baUi  may  bo  litted  with  a  constant  water  supply  by 
the  automatic  arrangement  represented  in  figs.  58  (98)  and 
93  (1132). 


8sl]  concentration  and  CRYSTALUSATION. 


A  oimple  watdr-bath  may  Ijo  improvisod  from  a  beaker 
portiutly  filled   with  water  and  heated   by  a  Btinsen- flame 


F:a.  18. 


(fig.  46).  A  few  smnlt  pieces  of  paper  may  be  thrown  into 
the  wateT  in  order  to  prevent  it  from  bumping  during  the 
boiling. 

"Wlien  the  evaporating  dish 
ia  placed  on  Ibe  top  of  the 
beaker,  it  may  poBMbly  prevent 
the  escape  of  the  steam.  If  this 
should  be  the  case,  some  etrlpa 
o(  pajwr  may  be  inserted  be- 
tweiiii  the  bottom  of  the  dish 
and  the  ed^  of  tlio  beaker. 

89.  Concentration  and  Crya- 
taUisation.— Sometimes  only  a. 
part  of  the  liquid  ia  evaporated, 
for  llic  purpoM)  of  conwiitmt- 
ing  the  solution.  When  a  hot 
solution  has  been  euflicietitly 
concentrated,  it  will  frequently 
d(>po^l    cnjitlal^    of    the    disfol' 


it   cools. 


66  PRBCIPITATrOS.  [w, 

Soluble  aubstaiicefl  are  frequently  diasolved,  and  then  crys- 
tallised from  their  sohition  in  this  'way,  in  order  to  free 
them  from  impurities. 

Experiment  68. — Concentrate  the  copper  sulphate  solu- 
tion which  was  prepared  in  Esp.  64,  and  allow  the  hquid  to 
cool.  If  sufficient  water  has  heen  evaporated,  crystaia  will 
form.     Keep  the  copper  sulphate  in  the  dteh  for  future  use. 


Pbecipitation.  ^ 

90.  Precipitation  by  a  Liquid. — When  two  clear  and 
transparent  solutions  are  mixed  together,  they  frequently 
become  more  or  lesa  turbid  or  opaque,  owing  to  particles  of 
a  solid  anbatancQ  being  formed  in  the  liquid.  A  solid  sub- 
Etance  thus  produced  is  called  a  precipitale,  and  the  prooeaa 
of  producing  a  precipitate  is  termed  precipitalum. 

A  substance  is  frequently  removed  from  solution  by  caus- 
ing it  to  form  an  insohible  compound  or  precipitate.  The 
substances  wiiich  are  added  for  this  purpose  are  termed 
TcagenU  or  preeipilanls :    they  are  commonly  liquids. 

In  producing  a  precipitate,  care  must  be  taken  that  the 
two  solutions  are  well  mixed.  Mixture  may  be  effected  by 
warming  the  bottom  of  the  teat-tube  in  the  fiame,  by 
stirring  the  liquid  with  a  glass  rod,  or  by  pouring  the  liquid 
from  one  vessel  to  another. 

A  precipitate  often  appears  more  rapidly  when  the  liquid 
is  vigorously  shaken,  or  when  it  is  warmed. 

Exi'ERiMENT  69. — Pour  some  barium  chloride  solution  into 
a  test-tube,  and  add  ammonium  carbonate  solution.  A  white 
precipitate  of  barium  carbonate  will  form.  Keep  the  precipi- 
tate and  liquid  in  the  test-tube  for  future  use. 

In  this  instance  barium  chloride  and  ammonium  carbonate 
may  be  readily  dissolved  in  separate  portions  of  water. 
But  if  these  solutions  are  mixed,  two  different  substance^ 
ammonium  chloride  and  barium  carbonate,  are  produced.! 


PILTBATION. 


the  water ;  but  the 
separates  ae  a  fine  powder 


PI,  92.] 

The  former  of 

latter  ia  inBoluble,  and 
in  thti  liqnid. 

Precipitates  differ  much  in  colour  and  in  general  appear- 
ance and  properties :  they  are  therefore  frequently  pro- 
dnced,  by  the  addition  of  suitable  reagents,  in  order  to  show 
the  presence  of  a  substance.  Precipitates  are  also  produced 
for  the  purpose  of  separating  one  substance  from  another. 

The  appearance  of  a  precipitate  ia  usually  described  by  its 
colour  and  by  its  condition.  It  ia  fioccvlent,  if  it  forms  in 
Qock'iike  masses ;  crystalline,  if  it  consists  of  small  partiales 
whicli  are  seen  to  be  crystals  under  a  lens  or  microscope ; 
geltuiuoug,  if  it  is  jelly-like  in  its  consistency.  The  formation 
of  a  rlight  precipitate  may  cause  only  a  larliidil;/  in  a  liquid. 

The  colour  of  a  precipitate  is  often  falsified  by  gaslight. 
If  the  colour  is  to  be  sei>u  at  uight,  it  should  be  examined 
by  the  liglit  produced  by  the  electric  ace,  or  by  a  piece 
of  burning  magnesium  ribbon. 


91.  Precipitation  by  a  Solid  Reagent  is  occasionally 
resorted  to.  Thus  a  metal  is  not  unfrequently  precipituteil 
from  ttie  solution  of  its  salt  by  tiio  immersion  in  it  of 
another  metal. 

Kxi-BUiMHHT  TO. — I>ip  a  clean  penknife-blade  into  some 

of  the  copper  sulphate  solution  (Exp.  68),  to  which  a  few 

I  drops  of  sulphuric  acid  have  been  added.       After  a  short 

]  time  metallic  copper  is  precipitated  from  the  solution  and 

covers  the  iron  as  a  red  film. 


I 


The  Processes  of  Filtration  and  of  Secantation  (94) 
I  Borve  lo  eoparale  a  precipitate  from  a  liquid  in  which  it  is 
I  Kuspended. 

92.  Filtration. — Tho  liquid  containing  the  preuiyitaW  \a 


poured  upon  porous  paper.  The  liquid  iteelf  runa  through 
the  pores  of  the  paper,  but  tlie  solid  particles  of  the  preci- 
pitate iire  retained  upou  the  surface  of  the  paper. 

The  paper  employed  is  called  JUter-papt-r.  The  liquid 
nhich  has  passed  through  the  filter  is  termed  the  Jillrate.  A 
filtrate  may  frequently  be  coloured  by  some  fubatanee  tltn- 
eolvetl  in  it,  but  it  should  be  perfectly  free  from  turbidity 
caused  by  solid  particles  aiiaprndeti  in  it 

Tlio  orJuiury  procPEs  of  liltr&tiQli,  as  it  in  imployed  id  chemical 
uiaJysia,  b  deacribed  below  :  methoda  of  liltratioii  on  a  larger  scale 
ore  described  iu  paragrapha  1144,  IT45> 

Prepare  a  filter  for  filtration  as  is  directed  below, 

ExPBRiifBNT  71. — Measure  a  glass  funnel  (fig.  47)  along 
its  sloping  aide  from  shoulder  to  rim.     Select  a  circular  filter- 
paper,  the  radius  of  which  is  somewhat  less  thtin  this  in 
length  :  fold  it  aeross  into  a  semicircle,  then  fold 
it   again   at   right  angles  into   a   quarter   of    a 

T  circle ;  now  open  out  either  of  the  sides,  so  as 
to  form  a  little  conical  bag  (d,  fig.  48).  This 
forms  an  ordinary  filter. 
If  ready-cut  Ijltors  of  saitable  aile  are  not  at  faanJ,  cut 
FtTKNEL.  f^o^  a  Hlieet  of  filter-paper  a  aquare  [uece,  tlie  «ilgB  of 
whiub  is  rather  less  than  double  the  length  of  the  side 
of  the  funnel.  Fold  it  over  along  the  dotted  line  (a,  fig.  16} ;  theu 
■gain  along  the  dotted  line  ifi).  This  gives  a  aijuare  (e)  which  at  one 
ajigle  has  four  fn.'e  comers  ;  these  are  removed  by  cutting  with  a  pair 
of  sciasara  along  the  curved  dotted  lino  ahown  in  («). 

The  filler  is  now  made  and  only  requires  to  be  o|ieucJ.  Ry  aejia. 
rating  the  curved  edges  so  that  they  rorm  a  circle,  three  remaining  on 
one  aide  of  tbo  circle  and  one  on  the  other,  a  little  closed  pointed  i«pvr 
bag  is  formed  (d). 

A  filter  of  the  same  shape,  but  of  UDifomi  thialcneas,  may  be  made 
from  half  au  ordinary  circular  filter-paper,  or  from  half  of  the  circular 
flat  |iaper  formed  by  apeoing  cut  Ilie  filter  {d).  This  tiemicirtular 
papier  is  fulded  into  a  quadrant  shape,  and  the  two  radial  edges  aro 
doubled  over  together  several  times,  the  fold  being  prevsed  donn  with 
the  finger  nail.  Tho  nnused  half  of  tlie  filler  (fig.  48,  d)  is  absenl  iu 
the  filter  which  is  farmed  by  opening  out  this  paper,  and  filtration  is 
more  rapid  iu  uonacqueuce. 


FILTRATION. 


69 


The  folded  filter  is  now  gently  pressed  leilh  '!rp  Jingers 
\  into  the  rity  funnel,  and  the  folding  ia  altered  if  nenesaaty 
I  until  the  paper  lita  the  glass  closely.     It  is  then  moistened 

bU   over  with  water  from  tlie  wash-hottle  and  is  ready  for 

nee. 

This  preliinmarymouti-ningortlie  filter- paper  mnst  not  be  neglected  ; 

■ince,  ir  tfaa  liijuiil,  which  contains  the  prei^pitate,  is  poured  upon  a 

[  dry  filter,  nomi'  particles  of  tlie  precipitate  may  get  between  the  librei 
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\  of  the  paper  ;  tho  paper  then  shrinks  on  being  wetteil,  and  tl ins  incloses 
I  the  wild  particles,  which  choko  tlip  p"res  of  tlie  liUor,  FiltrBtiou  may 
r  In  tbil  way  be  serionaly  retarded. 

During  the  filtration  of  a  liquid  the  funnel  may  be  placed 
'  with  ite  neck  in  a  teat-tube,  which  is  supported  in  the  teat- 
tnbe  stand.     Care  must,  however,  be  taken  that  the  inside 
of  the  upper  part  of  the  teab-tube  ia  dry,  and  that  there  is  a 
epace  between  the  neck  of  the  funnel  and  the  inside  of  the 
tube;  aince,  if  the  egress  of   air  from 'the  test-tube  is  pre- 
sented, the  filtration  will  he  stopped. 
The  funnel  ia  therefore  preferably  supported  upon  the  ring 
I  of  B  wooden  filter-stand  (fig.  49}  ;  and  the  filtrate  is  received 
a  a  email  beaker  standing  beneath  the  funnel,  instead  of  in 
[  ft  teat- tube. 

As  has  been  already  stated,  the  upper  edge  of  the  filter 
L  must  always  be  below  the  rim  of  the  funnel ;  and  when  the 
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liquid,  which  is  to  be  filtered,  ie  being  poured  into  the  filter, 
great  care  mUBt  be  taken  not  to  let  it  reach  the  upper  edge 
of  the  filter-paper. 

The  precipitate  should  not  more  thao  half  iill  the  filter, 
else  it  cannot  conveniently  be  washed. 

EsPBRiHBNT  72. — Pour  the  liquid  containing  the  preci- 
pitate of  barium  carbonate,  from  Exp,  69,  through  the 
filter.  If  the  nlravo  directions  have  been  carried  out,  and 
no  hole  haa  been  made  in  tlie 
paper,  while  it  is  being  prepared  or 
fitted  into  the  funnel,  the  filtrate 
will  run  through  perfectly  clear, 
leaving  the  barium  carbonate  oa  the 
filter.  Keep  the  filter  and  pre- 
cipitate in  the  funnel  for  future  use. 

Sometimen  the  filtrate  passes  away 
from  the  filter  in  a  turbid  condition. 
In  order  to  remove  this  turbidity, 
the  turbid  portion  of  the  filtrate 
must  be  poured  once  or  twice 
through  the  same  Tiltor,  Or  the 
turbidity  may  be  prevented  by 
poiiriiig  the  liquid  at  first  through 
a  double  filter,  which  is  prepared 
by  folding  two  tUter-jjaperB  to- 
double   filtration  is   thus  secured  in  one 

operatti 

It    sliould   be    borne  in  mind  that  a  hot    hquid    passes 

through  the  filter  more  quickly  than  a  cold  one.      Hence,  if 

it  is  not  inadmiBsiblo  for  other  reasons,  a  solution  should 

always  be  lieated  before  it  is  filtered, 

Comqioa  Gltcf.ptper  msj  contain  a  little  CBlaJuni  carbonate.  Thii 
is  of  no  importonoe  in  an  orflinary  analyds,  sad  a  only  abjectiDnable 
wben  BD  acid  Eolation  btu  to  be  examined  Tor  traces  of  calcium  alter 
fittraUuD.  la  ordor  to  removo  tbia  imparity,  the  iiltcr  is  fitted  into 
the  ranDc]  in  the  usual  way,  and  is  muistcued  with  dilate  hydrochlorio 
Mud ;  it  is  then  vrell  WMhed  with  diatilled  water.     This  procaaa  of 
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is,  honsTer.  seldom  neceasar^,  since  (iltsrs  mny  ba  obtained 
at  small  ooHt,  wtiicb  are  practically  free  from  all  matUr  which  is  soluble 

93,  Accelented  Filtntion.— Methods  for  oxp^diting  the  (iltntion 
of  largo  quantities  of  solids  from  liquids  are  deacribed  id  ])aragrBph 
1 143.     But  it  b  ofteii  desirahle  to  haatcu  tiio  proei'Ss  uf  fiUration  of 


flLTBK-TtTBB. 

■tndl  qnantiticH  of  solid  from  s  liquid  in  any  ordinnry  Tuunel,  mors 
CBpeoially  when  a  flocculoot  pretijiitnU  u  bciji;^  gopamted  from  a 
liquid.  This  may  ha  elfectod  either  by  attachini;  a  suitable  tube  Id  the 
fonnel,  or  by  means  of  a  Slter^pump  or  nn  aapirotor. 

(1)  Oiu  oftht  Hmpkit  means  of  incroaaing  tlie  rate  of  Gltratiou  is  to 
•ttadi  to  tho  funnel  a  glass  tuhe,  hpot  as  is  shown  in  llg  GO.  As  soon 
•a  the  flltr»te  has  QUed  this  tube,  the  weight  of  the  column  of  liquid 
tend*  to  draw  the  liquid  through  tlie  filter,  and  the  rate  of  filtratioD  is 
aooordingly  increased. 

Another  simple  method  is  to  attauh  to  tho  funnel  «  atraight  piece  of 
glin  tube  about  2  f<^ut  in  length  and  1  millimetre  in  bore,  The 
liquid  column  which  is  suspended  in  this  tnbo  acts  in  the  way  just 
dnwribed. 


(2)  A  Filler-pamp,  or  Atpirator,  wlitch  applies  anction  to  ' 
of  tlie  runnel,  is  frequeotlj  UEeCul  lo  liasten  the  procens  of  liUmtioil. 

TliB  accompanying  illnstnition  (fig.  D2)  shows  a  cnnvenifnt  arrange- 
mont  for  this  purpose.  The  glass  Oeissler-sspirator  (fig,  SI )  ia  aliDlvn 
DTer  the  sink,  connected  b;  stout  mbber  tubinft,  inclosing  canvas,  iritli 
the  higli  pressure  iTat«r-tap.  When  the  vator  is  turned  on,  and  ftoirs 
through  tlie  aspirator,  air  is  snrked  from  the  thick -^Uss  couival  tubu- 
lated filter-llask  ;  and  tlie  atmosphoric  pressure,  acting  on  the  liquid 
in  the  funnel,  is  thus  utilised  for  forcing  the  liquid  thrnllgh  tlie  filter. 

Fin.  52. 
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The  two-necked  WoullTe's  bottle 
and  the  Qlter-ilask  in  ordi^r  to  previ 
entering  the  Qask, 

TliB  neck  of  the  funnel  is  fitted  \iy  a  rubher  cork  into  the  neck  of  the 
conical  fdler.flask  ;  and  in  order  that  the  pressure  which  is  exerted  on 
the  point  of  the  filter^paper  may  not  burst  it,  either  toughened  filter- 
paper  tiu,;  be  ubkI,  or  the  ordinary  filter-paper  may  he  aupparted 
beneath  b;  a  small  filter-couc  of  muslin  or  platinum. 
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Tho  jilatinum  cone  ia  cut  from  a  piece  of  platinum  foil  meosiiring 
about  1^x1}  inuli  (Gg.  53].  A  hole  ia  pierord  by  a  pin  near  the  middle 
or  UiB  ruil.    Tlie  foil  ie  cut  throngb  from  tlie  edge  to  this  hole.     The  ' 

:t  remoTed  by  cattiog  round  in  a  circle  wliiuh  has  the  pin- 
hole for  its  centre.  Tbc  spring  ia  tlien  taken  out  of  the  fail  by  heating 
it  to  redness  and  cooliog  it  elowly,  and  the  foil  is  Bha[-c<!  into  ■  cone 
.  iS,  d,  92),  which  must  be  fitted  eioclly 
'  e  bottom  of  the  funnel.  After  the  plati- 
ne  has  been  placed  in  the  founel,  a  dry 
filter-pajier  ia  fotdeil  as  naual,  and  19  fitted 
cloaely  inttt  the  dry  fuuDel. 

Before  Ui«  fitlvc  is  used  for  filtration,  it  is 
moistened  with  water,  and  ta  then  gently 
preaaed,  where  necessary,  with  the  fingers  until 
it  adiierea  perfectly  to  the  funnel  ;  the  upper 
edge  of  the  filter  ospcoially  requireu  to  bo  care- 
fully pressed  against  tho  glnss  in  this  way.  The 
Alter  is  now  tested,  by  filling  it  with  distilled  wal 
pnmp  in  action.  If  the  paper  St«  property,  and  h 
contact  with  tho  funnel,  1 
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ler  and  setting  the 

>s  been  pressed  into 

r-bubbles  will  be  sucked  down  the  neck 

of  tho  funnel  nntil  tbo  whole  of  the  water  has  passed  through  the 

filter.     Any  air-leakage  must  be  stopped 

by  pressing  tho  paper  against  the  funnel 

where  such  Uaknga  occurs. 
Tho  aepirator  may  be  replaced  by  other 

forms  of  apparatus  for  produciug  suction, 

A  common  Imnd-iyringe  may  be  u^od,  hut 

this  is  liable  to  beatlackod  by  acid  vapours 

if  it  is  made  of  brass. 

Bcsidea  expediting    tho   filtration   ami 

washing  of  precipitatos,  sui^h  an  arrsoge- 

ment    also    eneblea    thu    pmijiitate    to 

ba    dried  to    a    great    eiteut    by    suck- 

iog  air  through   it  after   the   liquid   lioa 

paaaed  away. 

A   Sptoial  Form  of  lUctitier  is  repre- 

•anted  in  fig,  64  to  serve  as  a  snbstitute  for 

the  conical  flask.  It  ouneists  of  an  ordi- 
nary eeparating  funnel,  F,  which  is  closed 

with  a  donhly  perforated  rubber  stopper. 

One  perforation  cairies  tho  funnel,  which  tuk  Filtbatk. 

I>  DMd  for  nitration.     Into  the  other  is 

Insartod  a  branched  tube,  one  limb  of  which  (b)  is  conuectrd  with  the 
1  flitor-pump,  while  the  other  (n)  can  he  opened  to  tho  atinoaphere  by 
[   tDtning  the  stopcock.     The  use  of  this  receirer  readers  it  possible  to 


r 


withdnw  a  portiao  of  the  Rltrate  during  tho  process  of  llUration,  i 
opening  sinii]1tan«oi»1f  the  stopcocka  at  a  and  at  c  and  Htopping  ti 
actiou  of  the  filter-pump. 


Dbcantation  from  a  Pbeoipitate. 

94,  The  Process  of  Decaatation  seires  to  separahi 
precipitates,  which  settle  rapidly  from  the  hquid,  withouH 
the  use  of  a  filter. 

For  this  purpose,  the  vessel  containing  the  liquid  and  prs 
cipitate  is  allowed  to  stand  until  the  precipitate  has  settled. 
The  liquid  is  then  oarofully  poured  olf,  or  lieeanled,  by 
gently  inclining  the  vessel.  A  wetted  glass  rod,  pressed 
ngainst  the  edge  or  lip  of  the  vessel  (fig.  55),  helps  to 
prevent  the  precipitate  from  being  disturbed  while  the  liquid 
is  flowing  away  from  it. 

The   process  of  decantation,  if  it  ia  carefully  performed,  . 
will  serve  to  separate  the  liquid  in  a  clear  condition  s 
completely  from  a  heavy  precipitate. 

ExrEiiiUEHT   73. — Add   MHwj  ilihUe  sulphuric  ai 
some  boiling  solution  of  "barium  <:hloride.     A  heavy  p' 


tate  of  barium  sulphate  will  be  formed.  This  precipitate 
may  be  readily  separated  from  the  liquid  by  decantation. 
Keep  the  precipitate  in  the  test-tube  for  future  use. 


Washiko  thh  Pubcipitate. 

95,  The  Wasbing  of  a  Precipitate,  which  hss  been 
separated  from  the  liquid  in  which  it  was  suspended,  ia 
usually  necessary  in  order  to  free  the  precipitate  from  the 
adhering  solution. 

If  the  precipitate  has  been  filtered,  it  is  washed  upon  the 
filter  (96) ;  if  it  has  been  separated  by  deoantation,  it  ia 
usoally  washed  by  d^cantation  (97). 

96.  Washing  the  Precipitate  on  the  Filter. — The  fol- 
lowing; directions  will  serve  to  ejipJain  how  this  process  ia 
carried  out,  and  will  indicate  what  precautions  should  be 
observed  in  order  to  secure  success.  The  washing  process 
raay  be  hastened  by  employing  the  devices  which  have  been 
already  described  in  par.  93. 

ExFBBlHEST  74. — Support  the  funnel,  which  contains 
the  filter  and  the  barium  carbonate  precipitate  from  Esp. 
72,  in  a  filter-stand  above  a  beaker  or  flask  (fig.  49,  p.  70). 
filow  into  the  filter  a  fine  stream  of  hot  distilled  water 
from  the  wash-bottle  (I2),  so  directing  the  jet  aa  to  stir  up 
the  precipitate.  Fill  the  paper  with  water  to  within  a  short 
distance  from  its  edge.  Let  this  water  run  through  perfectly. 
Then  nearly  fill  the  lilter  again  in  the  manner  just  described. 
Repeat  this  process  three  or  four  timea ;  letting  the  water 
run  through  completely  each  time  before  adding  a  fresh 
quantity. 

The  precipitate  and  the  filter  will  probably  now  be  free 
from  everything  soluble  in  water,  and  the  water  which 
passes  through  the  filter  will  therefore  be  tasteless.  Ascer- 
tain whether  the  waahing  is  complete,  by  collecting  the  last 
/me  drops  of  the  washing-water  in  a  clean  test-tube,  and  test- 
ing whether  it  contains  any  chEotide  by  adding  to  the  liquid 
a  drop  of  silver  nitrate  solution.  Xo  turbidity  must  be  pro- 
duced. It  turbidity  appears,  the  washing  must  bo  continued, 
and  the  wasliing- water  must  be  tested  again.  The  process  of 
washing  must  be  continued,  until  silver  nitrate  produces  no 


turbidity  when  it  is  added  to  the  last  portions  of  the  water  ■ 
running  from  tlie  fimnel. 

97.  Wasbuig    the   Precipitate    by   Decantation. — This! 

method  is  a  quick  and  easy  one  with  a  Buitable  precipitate. 

ExPBBiMENT  75. — The  precipitate  of  barium  sulphnte  from 
Exp.  73  may  be  washed  by  decantation  as  followa. 

Hot  water  is  poured  into  the  vessel  containing  the  pre- 
cipitate, and  the  water  ia  aJiaken,  atirred,  or  boiled  with 
the  precipitate,  which  is  then  allowed  to  settle.  As  soon  as 
the  water  has  become  clear,  it  is  poured  oflf  as  completely  as 
possible  in  tlie  way  shown  in  fig.  55  (94). 

By  repeating  this  washing  process  several  times,  with  the 
addition  of  fresh  portions  of  boiling  distilled  water,  the  pre- 
cipitate may  be  entirely  freed  from  the  adhering  solution. 

While  the  washing-water  ia  being  poured  off,  it  should  be 
occasionally  tested  with  blue  htmus-paper,  in  order  to  ascer- 
tain when  it  ceases  to  redden  the  paper  and  is  therefore 
proved  to  be  free  from  acid.  As  soon  as  the  washing-water 
is  quite  free  from  acid,  the  precipitate  may  be  considered  to 
be  thoroughly  washed. 

It  ie  usual  to  Ascertain  when  t^e  Washing  of  a  Pre- 
cipitate is  Complete,  by  testing  the  washing-water  for  some 
Bolnble  substance  which  is  being  removed  by  the  washing. 
Tliat  substance  is  usually  tested  for  which  is  most  readily 
detected.  Experiments  74  and  75  serve  to  illustrate  this 
statement. 
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Drying  the  Prkcifitatb. 

98.  A  Precipitate  may  be  Dried  by  placing  the  funnel 
in  n  hollow  tin  cone  or  cylinder,  called  a^fittrr-dri/er  (fig.  56). 
The  filter-dryer  is  then  either  supported  on  a  piece  of  iron 
wire-gauze  upon  a  tripod-stand  over  the  flame  of  a  rose- 
burner  turned  very  low,  or  it  la  placed  upon  a  heated  iron 
plate  or  sand-hath. 


DBTING  THE   PRECIPITATE. 


The  funnel  ia  thus  exposoil  to  a  current  of  hot  air,  which   ' 
npidlj  dries  the  filter  and  tlie  precipitate.     Greiit  care  must 
be  taken  so  to  regulate  the  heat  aa  not  ^^^  ^^ 

to  char  the  filter. 

The  risk  of  charring  the  paper  may  be 
avoided  by  placing  the  funnel,  in  a  per- 
forated shelf,  in  the  eteam  oven.  This 
oven  is  shown  in  the  separate  form  in 
fig.  57,  and  is  seen  combined  with  a 
water-still  in  fig.  92,  par.  II31. 

Fig.  58  shows,  in  section,  the  arrange- 
ment for   maintaining   the  water  i 
jacket   of   the   steam-oven    at   a    uniform 
level.     A  further  (Jescription  of  the  steam-oven  is  given  i 
paragraph  II32. 
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The  air-oven  (lig.  59)  may   be    i-'mployed  instead  of    the 


78  DBTWO  THE   PRBOIPITATB. 

Eteom-oven,  the  temperature  of  tlio  interior  being  suitably  I 

ddjuBtcil  by  noting  tbe  Ibcnuometer  and  properly  regulating  ] 
the  flame. 

A  precipitate  may  be  more  rapidly  dried  by  first  draining  ] 

it  iu  the  funnel,  and  then  removing  the  filter  and  spreading  I 

it  upon  a  piece  of  vrire-gauee,  which  is  supported  on  the  ring  I 

Fia.  GO. 


of  a  retort-stand  or  upon  a  high  tripod-atand.  A  amaU 
Rome  from  a  rose-hurner  is  then  placed  beneath  the  gauze,  at 
a  sufficient  distance  to  prevent  any  risk  of  charring  the  paper. 

A  precipitate  may  be  partially  dried  by  openmg  out  the 
filter,  which  contains  it,  upon  euveial  dry  filter-papers,  and 
allowing  these  papers  to  absorb  the  water.  This  process 
may  precede  those  which  have  been  already  mentioned. 
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BElfOVAI.  FSOM  THE  FILTER. 


Removing  the  Prbcipitatb  from  thb  Filter 

99.  Bemoval  of  Part  of  the  Precipitate  from  the  Filter, 
— A  small  quantity  of  a  moist  precipitate  may  be  taken 
from  tho  filler  by  dipping  the  eud  of  a  glass  rod  into  it.  If 
a  watch-glass,  or  the  interior  of  a  test^tiibis,  is  then  touched 
with  the  end  of  the  rod,  a  portion  of  the  precipitate  is 
deposited  upon  the  eurface  of  the  glass,  and  may  be  subjected 
to  further  test  or  examination. 

A  larger  quantity  of  the  precipitate  may  be  taken  out  of 
the  filter  by  moans  of  a  glass  spatula,  made  by  flattening  out 
the  end  of  a  glass  rod  which  has  been  softened  in  the  flame. 

100.  Removal  of  the  Whole  of  the  Precipitate  from  the 
Filter. — If  the  precipitate  ia  to  bo  removed  from  the  filter 
as  ooraplotely  as  possible,  several  metlioda  are  available,  One 
or  other  of  those  descrilied  below  under  a,  b,  c,  d,  e,  and  f, 
must  be  chosen  according  to  citciim stances. 

(a.)  Washing  dowQ  the  Precipitate  through  the  Neck 
of  the  Funnel.— A  hole  may  bo  made  in  tlie  bottom  of  the 
filter  by  means  of  a  glass  tod,  wliich  ie  pushed  down  through 
the  neck  of  the  fuimol,  The  precipitate  is  then  easily 
washed  down  into  a  vessel,  placed  beneath  the  fuuiiol,  by  a 
fine  stream  of  liquid  from  the  wa?h  bottle, 

(b.)  Washing  out  the  Precipitate  over  the  Elm  of  the 

Fmmel.— The  funnel  may  be  held  with  its  neck  horizontal, 
and  with  its  rim  just  inside  the  edge  of  fm.  go_ 

a  porcelain  dish  (fig.  00).  The  precipi- 
tate is  tlien  washed  out  of  the  funnel 
hj  directing  a  tine  stream  of  water  from 
a.  waah-bottle  against  the  inside  of  the 
filter.  Wabhiko  tbi  Puc 

(c.)  Remova  of  the  Filter  with  the       th"  Tvukxu 
]Precipitate  ttom  the  Fwmel,  followed  by  rinsiiig  off  the 
Precipitate. — The  precipitate  is  allowed  to  temain  in  the 
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filter  in  the  funnel  for  some  time,  in  order  to  permit  aa  much 
water  as  [losuble  to  drain  away.  The  filter  is  then  care- 
fully taken  out  of  the  funnel,  and  is  farther  dried,  if  neces- 
aary,  by  laying  it  upon  several  folds  of  filter-paper.  After 
tlie  portioue,  which  contain  no  precipitate,  have  been  re- 
moved, th<>  Slter  is  spread  out  inside  a  porcelain  dish. 

The  liquid,  with  which  the  precipitate  is  to  be  treated,  isi 
then  poured  into  the  dish  ;  and  this  liquid  is  shaken  round 
in  the  dish,  and  the  lilter  is  carefully  rubbed  with  the 
rounded  end  of  a  gla^  rod,  until  the  precipitute  haa  been 
removeil  from  the  paper.  With  a  little  care  this  may  be 
effected  without  tearing  the  paper.  The  filter-paper  is  thea 
removed  from  the  liquid  by  mean^  of  a  glass  rod. 

(d.)  Bemoval  of  the  Filter  with  the  Precipitate,  fol- 
lowed by  Scraping  off  the  Precipitate. — If  it  is  undesir- 
able to  add  a  lii]uid  to  the  precipitate  upoti  the  tiltor,  the 
precipitate  is  allowed  to  drain  for  a  short  time,  and  is  then 
further  drained,  if  necessary,  by  removing  the  filter  from 
the  funnel  and  laying  it  upon  several  dry  filter-papers. 

The  lilter  is  then  spread  out  upon  a  Oat  piece  of  glass,  and  ^ 
the  precipitatu  is  carefully  scraped  off  with  a  glass  roim 
which  is  pressed  flat  upon  the  paper,  or  with  a  small  glaw  1 
spatula  (99).  1 

This  method  is  usually  the  most  imperfect,  but  is  fre- 
quently the  best  for  other  reasons. 

(e.)  Bemoval  of  the  Precipitate  by  DisBolviiig  it  in  the 
Filter.— If  a.  precipitate  is  to  be  dis.wWed  off  the  filter,  the 
liquid,  which  is  to  be  used  as  a  solvent,  is  boated,  and  is 
then  poured  upon  the  precipitate.  The  solvent  will  ran 
through  the  fdter  into  a  vessel  placed  below  the  funnel,  and 
will  take  with  it  the  precipitate  in  solution. 

After  the  liquid  has  passed  through  the  filter,  it  sliould 
bo  heated  again  and  oiieo  more  poured  upon  the  precipitate, 
if  the  latter  is  not  entirely  dissolved.     The  liquid  is  reheated 

I  returned  to  the  lilter  in  this  way  as  long  as  anything 
.B  undissolved.     If  any  portion  of  the  precipitate  still 
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remains,  it  most  be  removed  by  using  a  fresh  portion  of  the 
Bolveot, 

ExpaRiMKNT  76. — Remove  in  this  way  the  precipitate  ot 
barium  carbonate  (Exp.  74)  from  the  filter,  by  means  of  hot 
dilute  hydrocliloric  acid. 

(f.)  Eemoval  of  the  Precipitate  fay  Rinsing  it  through 
the  Filter  with  the  Solvent.^A  precipitate  may  also  bo 
removed  from  the  filter,  by  means  of  the  liquid  with  which 
it  is  to  be  treated  or  dissolved,  in  the  following  manner, 

The  funnel  is  supported  over  a  suitable  vessel.  The  liquid 
is  poured  in  and  is  quickly  stirred  up  with  the  precipitate  by 
means  of  a  thin  gloss  rod.  The  bottom  ot  the  filter  is  then 
pushed  out  through  the  neck  of  the  funtipl  by  the  glass  rod. 
The  liquid  will  now  flow  through  the  neck  of  the  funnel, 
carrying  the  precipitate  with  it. 

If  some  of  the  precipitate  remains  on  the  filter,  the  hquid 
must  be  pouted  again  through  the  funnel,  and  by  repeating 
tills  proce^  all  the  precipitate  may  be  removed. 


Use  op  TEST-Piraiis. 


101.  Litmus  aod  Turmeric  Test-papers. — The  two  vege- 
table colouring  substances,  lilmua  and  turmeric,  undergo 
marked  changes  of  colour  when  they  are  acted  upon  by 
certain  substances,  These  changes  serve  to  indicate  whether 
B  liquid  or  gaa  is  acid,  or  alkcdme  :  if  no  change  occurs  it 
may  be  inferred  to  be  neutral. 

The  analyst  is  usually  provided  with  slips  of  paper  which 
have  been  stained  with  solutions  of  these  colouring  sub- 
fltancea.  Theiie  slips  of  paper  are  known  as  test-paj>ers.  The 
different  papers  ate  easily  distinguished  by  their  colours.  The 
following  experiments  will  explain  their  use. 

102.  Acid,  Alkaline,  or  Neutral  Reaction  in  a  liquid  is 
ascertained  by  the  behaviour  of  the  liquid  with  these  test- 
papers. 


82  08E  OF  TEST-PAPERS.  [iflj 

ExPKRiifRKT  77. — Dip  a  clean  dry  glass  rod  auccassivd]? 
into  dilute  hydrochloric  acid,  into  ammonium  hydrate  mla- 
tion,  and  into  barium  chloride  Bolution.  After  each  immer- 
sion of  the  rod,  draw  its  end,  wetted  with  the  solution, 
BUcceasiveiy  acroaa  blue  litmiis-paper,  red  litmus-paper,  and 
yellow  turmeric-paper.  The  following  reaultB  will  be  ob- 
tained. 

Hydrochloric  acid  will  redden  blue  litmus,  but  will 
alter  the  colour  of  red  litmus  or  of  turmeric :  it  possesses 
acid  reaction. 

Ammonium  hydriite  solution  will  not  affect  the  colour  of 
blue  htmu.s,  but  will  turn  red  litmus  blue  and  turmeric 
brown :  it  shows  alkaline  reaction, 

Barium  chloride  solution  will  not  affect  the  colot 
one  of  the  test-papera :  it  is  neutral. 

Each  of  these  liquids  is  typical  of  a  large  class  of  sub' 
stances,  in  so  far  as  its  behaviour  with  these  test-papers  n 
concerned. 

103.  Neutralisation :    Addition  of  Acid  or  of  Alkali 

in  Excess, — It  is  occasionally  necessary  to  exactly  neutralise 
an  add  liquid  by  means  of  an  alkaline  liquid  or  vice  vend. 
The  acid  or  alkali  must  also  often  bo  addt-d  in  excess.  The 
following  experiment    esplaina    how    these    processes    are 
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ESFHBiMBNT  78. — Pour  some  dilute  hydrochloric  acid  into 
a  porcelain  dish.  Add  solution  of  ammonium  hydrate  drop 
by  drop,  constantly  stirring  the  liquid  with  a  glass  rod  and 
touching  the  wet  end  of  the  rod  against  a  piece  of  blue 
litmus-paper. 

By  proceeding  cautiously,  a  point  may  be  reaehed,  at 
which  the  liquid  does  not  affect  the  colour  of  either  blue 
or  red  litmus-paper;  the  acid  is  then  said  to  have  been 
neutralieed  by  the  alkaline  liquid.  The  latter  part  of  the 
process  of  neutralising  the  acid  liquid  should  be  completed 


b;  t^B  additioa  of  the  alkaline  solutios  in  a  very  dilute  con- 
dition, since  the  addition  of  an  excess  of  the  alkaline  solution    ' 
is  thus  more  readily  avoided. 

Add  another  drop  of  ammonium  hydrate  :  the  liquid  will 
now  have  acquired  an  alkaline  raaction  :  the  alkaline  solution 
is  now  said  to  have  been  added  in  exces». 

It  will  be  easily  understood  from  the  above  description 
how  an  alkaline  Bolution  may  be  ueutraliaed  by  the  addition 
of  an  acid,  and  how  it  may  be  aeitlified  by  the  addition  of  an 
aeid  in  ejrens. 

104.  General  Remarks  on  Test-papers— In  selecting 
between  red  litmus  and  turmeric  teat-papera  for  the  detection 
of  alkaline  reaction,  it  should  be  rememlierei!  tlmt  turmeric- 
paper  is  usually  more  sensitive  than  red  litmus-paper,  since 
red  litmua-paper  frequently  contains  an  excess  of  acid.  The 
yellow  colour  of  turmeric,  however,  fades  quickly  when  it  is 
exposed  to  daylight,  and  the  test-papur  must  therefore  bo 
protected  from  daylight. 

A  turbid  liquid  will  often  form  a  deposit  when  it  is  placed 
upon  the  teat-paper,  and  this  may  conceal  the  colour  of  the 
paper.  The  colour  will,  however,  usually  he  visible  on  the 
back  of  the  paper,  if  it  is  ungluzed.  If  the  paper  is  glazed, 
the  colour  wUl  he  cosily  seen  after  the  deposit  has  been 
WBstted  off  by  a  stream  of  distilled  water  from  the  wash- 
botble. 

Test-papers  must  always  be  kept  in  a  stoppered  bottle,  in 
order  to  guard  them  against  undergoing  change  by  the  action 
of  gases  contained  in  the  laboratory  air.  The  bottle  should 
be  shielded  from  light  as  much  as  possible,  since  these  vege- 
table colours  fade  under  the  action  of  strong  daylight. 
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Simple  Ignition. 

105.  Solid  Snbetances  are  Heated  strongly,  or  Ignite^  I 

in  Older  to  study  the  effect  of  heat  upon  them,  since  by  thlt  I 
means  their  composition  or  nature  is  frequently  revealed  more  [ 
or  lean  completely.     Ignition  also  serves  to  remove  volatile 
from  non- volatile  substancoR. 

It  IB  a  necessary  condition  of  the  process  of  nmplf  ignition  I 

that  the  substance,  which  is  being  heated,  shall  suffer  change  I 

only  by  heat.     It  must  not  undergo  chemical  alteration  by  ] 

contact  either  witb  the  flame,  or  with  the  substance  of  the  | 
vessel  or  support,  or  by  admixture  with  chemical  reagents. 

ExPBBiHBNT  79. — Heat  some  white  zinc  oxide  in  a  small 
ignition-tnbe  (8).  The  hot  substance  will  be  lemmi-ydlmB, 
but  the  colour  will  change  to  white  again  as  the  oxide  cools. 
These  changes  of  colour  are  characteristic  of  iinc  oxide. 

In  the  early  stage  of  the  heating,  droim  of  iciter  will 
probably  condense  in  the  upper  part  of  the  tube :  this  proves 
that  moisture  was  present  in  the  oxide.  Ignition  in  a  tube 
is  often  employed  to  detect  the  prasence  of  water  in  a  sub- 
stance. 

ExPBniMBNT  80. — Hent  a  little  mercuric  oxide  in  a  small 
test-tube  or  ignition- tube.  After  a  short  time  minute  shining 
drops  of  the  metal  mercury  will  be  seen  in  the  upper  part  of 
the  tube.  If  a  splinter  of  wood  with  a  spark  at  its  end  is 
now  held  in  the  tube,  it  will  burst  into  flame.  The  behaviour 
of  this  red  powder,  when  it  is  ignited,  shows  that  it  contains 
the  elements  mercury  and  oxygen  {25), 

Experiment  81.  —  Heat  a  few  particles  of  charcoal 
powder  on  platinum  foil,  by  directing  the  tip  of  the  blow- 
pipe-flame against  the  under  surface  of  the  foil.  The 
charcoal  will  slowly  burn  awuy.  This  beiiaviour  shows 
that  the  black  substance  consists  of  carbon. 

ExPERiHBNT   82. — Heat   a   small    piece 


SIMPLE  IGNITION. 


5  ia  an  ignitioa-hibe.     Tiie  ammoniam  chloride  will  1 
pass  off  as  vapour  or  votaiilue,  and  tlie  vapour  will  coo!  in   ' 
the  upper  part  of  the  tube  and  will  form  a  coating  or  ml- 
limate.     This  proTGs  that  the  salt  is  volatile. 

ExpKUiMKNT  83. — Heat  in  the  same  w.y  a  aniall  piece  of   I 
potassium  chloride.     ThJH  will  melt,  hut  wQI  not  puKs  off  as  i 
vapour.     It  will  become  solid  again  on  cooling.     PotQBsium 
chloride  ia  only  very  slightly  volatile. 

Hence  if  a  mixture  of  ammonium  chloride  and  potassium 
chloride  is  heated  on  platinum  foil,  the  potassium  chloride 
alone  will  be  left  in  the  residue,  .since  the  ammonium  cliloride 
will  be  removed  as  vapour, 

If  the  quantity  of  the  substance  to  be  ignited  is  large,  it 
J8  usually  heated  in  porcelain  or  in  platinum  vessels  over  the 
Bunaen-flame  or  the  Fletcher-flame  (fig,  80,  1076)- 

Small  quantities  of  substance  may  be  conveniently  ignited 
in    little   poruelain   or  platinum    capsules  over  a   Wallace- 
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Argand  burner  from  which  the  gauze  top  has  been  removed 
(figs,  fil,  63). 

The  luminous  flame  must  not  be  allowed  to  touch  the  , 
Ckpsule. 


TBEATMKST  WITH   FL'SED   REAGENTS. 


Trkatmest  with  Fused  Reagents. 

lo6.  A  Substance  is  often  Heated  with  certain  Solid 
BeagentB  until  they  fuse,  in  order  to  cause  chemical  chaugca 
to  occur  between  tbe  substance  am!  the  reiigente. 

ExpsBiMBNT  84.— Mix  a  little  barium  sulphate,  which  is 
insoluble  in  water  and  in  acids,  with  soJium  and  potoaaium 
carbonateB,  and  heat  the  mixture  on  platinum  foil  until  the 
alkaline  carbonates  fuse,  ^faintam  the  Bolts  in  a  fused  con- 
dition for  several  minutes.  The  following  change  will  havft  J 
taken  place : —  I 

BaSOj  +  N8,C0a= BaCOa  +  Na^O, .  1 

Now  treat  the  cool  product  of  the  fusion  with  water. 
Sodium  sulphate  will  be  dissolved.  Separate  the  residual 
barium  carbonate  by  filtration,  and  wash  it.  Then  treat  it 
with  dilute  HCl :  the  insoluble  catbonato  will  dissolve  as 
chloride.  The  original  barium  sulphate  is  thus  obtained  m 
so/ulion  as  chloride. 

Substances  which  cannot  be  dissolved  in  water  or  in  acids 
may  frequently  be  obtained  in  solution  in  a  similar  way  to 
that  just  described.      The  mixture  of  alkaline  csrbonatea, 
which  is  used  for  the  purpose,  is  generally  known  as  "  fusioa  J 
mixture."  I 

Sometimes  the  treatment  with  fused  reagents  yields  a 
cliarueteriBtic  result,  which  serves  to  detect  the  presence  of 
a  substance. 

ExpEJiiMBNT  85.— Place  a  Httlo  powdered  sodium  car- 
bonate and  potaBEium  nitrate  on  a  piece  of  platinum- foil, 
and  then  add  a  minute  quai^tity  of  manganese  dioxide. 
Hold  tlie  foil  with  crucible- tongs  in  the  top  of  tbe  Bunseii- 
flame,  or  heat  the  wuler  /•iirfwe  of  the  foil  witli  the  point  of 
the  blowpipe-fiame.  The  mass  will  soon  melt  or  fuse.  Keep 
the  substances  in  a  melted  state  for  a  short  tiuie,  and 
allow  the  mixture  to  cool. 
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A  Nnish-gj-een  masa  will  remain  upon  the  foil,  the  colour 
of  which  is  due  to  the  sodium  manganate  which  haa  been 
formad  by  the  fusion.  This  colour  ia  produced  only  when 
manganese  is  present,  and  the  above  proceaa  therefore  aervea 
as  a  test  for  that  metal. 

In  the  above  experiments  (79-85)  the  gases  of  the  flame 
are  not  allowed  to  take  any  part  in  the  change  which  ia 
described.  In  other  cases  of  ignition,  which  immediately 
follow,  the  flame  gases  aid  in  producing  the  reaction. 


Flams  rhactions  with  Reagents. 

107.  The  Qases  of  the  Blowpipe-flanie  (6)  or  of  the 
Bunseu-flame  may  play  the  part  of  It«ageDts  in  aS'ecting 
the  composition  of  the  substance  which  is  being  heated.  Id 
order  to  understand  the  nature  of  these  changes  the  structure 
of  the  flame  must  be  carefully  observed. 

In  a  well-formed  blowpipe-flame  or  Bansen-flame  two 
parts  may  be  distinguished  :  the  inner-Jlame,  which  is  blue 
and  pointed;  and  around  and  beyond  this  an  almost  coloui- 
lesB  flame,  which  is  commoniy  known  as  the  outer-flame. 

The  Inner-flame  is  often  called  the  reducing  or  the  de- 
oxiflistng  flame,  because  it  separates  or  reduces  matals  from 
their  oxides  and  from  many  of  their  oomimunds,  and  in 
general  deoxidises  substances.  This  deoxidising  power  ia 
due  to  the  action  of  the  hot  but  incompletely  burnt  com- 
bustible matter,  which  is  present  in  this  part  of  the  llame. 

The  inner-florae  is  obtained  of  birge  size  by  placing  the  tip 
of  the  blowpipe-nozzle  only  in  the  very  edge  of  the  flame, 
which  has  been  made  somewhat  luminous  by  partially  closing 
the  air-holes  of  the  Bunsen-bumer. 

The  Outer-flame  is  also  known  as  the  oxidmmj-flame, 
bocaiwe  It  changes  metais  into  their  oxides,  and  oxidisca 
many  other  substances,  by  supplying  them  with  oxygen  at  a 
high  temperature. 


The  size  o!  the  guter-flame  is  increasoi!  by  pushing  the 
nozzle  of  tho  blowpipe  into  the  interior  of  a  BunseD-flame, 
which  has  been  rendered  partiaUy  luminoua  by  properly 
adjusting  the  air-supply. 

In  the  following  prooessea  the  reeulu  obtained  will  usually 
vary  when  the  substance  is  heated  in  the  inner-flame  oi  in 
the  outer- Hame. 

I08.  The  Borax-bead — Fusion  with  Borax. — When  cer- 
tain metals  and  their  compounds  are  fused  with  borax,  they 
are  converted  into  coloured  borates.  The  colour  of  each  of 
these  borates  is  characteristic,  either  in  itself  or  in  the 
changes  which  it  undergoes  in  the  outer  and  inner  flames. 

The  method  of  making  the  boras-bead  ia  explained  in 
Exp.  86.     Its  use  for  testing  is  illustrated  by  Exp.  87, 

ExPEBiMKKT  SG.^Place  a  little  powdered  borax  on  a 
watch-glass.  Moisten  the  loop  of  a  piece  of  mounted 
platinum-wire  (9),  and  dip  it  into  the  borax.  Then  hold 
the  loop  with  the  adhering  powder  in  the  outer  blowpipo- 
Hame  until  the  borax  melts. 

If  the  bead  thus  formed  does  not  fill  the  loop,  dip  the 
melted  bead  again  into  the  borax  ;  more  powder  will  adhere 
and  may  be  melted  in  the  llame.  In  this  way  powder  is  to 
be  constantly  added,  until  a  drop  or  bead  is  obtained  which 
completely  fills  the  loop.  This  bead  must  be  perfectly 
colourless  and  transparent  when  it  is  cold. 

If  the  melted  bead  easily  drops  from  the  wire,  either  the  1 
loop  or  the  bead  is  too  large,  A  loop  which  is  somewhat  ' 
less  than  an  eighth  of  an  inch  across  answers  well ;  it  may  be 
made  by  rolling  the  tip  of  the  wire  round  a  piece  of  stout 
wire.  If  the  bead  is  too  large,  remove  a  portion  of  it  by 
giving  the  wire  a  shght  jerk  while  the  borax  is  in  a  fused 
condition. 

If  the  bead  thus  formed  shows  any  colour,  it  is  jerked  off 
vhile  it  is  in  a  fuaad  condition,  and  another  bead  is  made 
from  freah  borax.     This  process  is  repeated,  if  necessary, 
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untU  a  bead  is   obtained,  which  is  colourless   after    it    has 
been  heated  in  the  outer  bio  wpipo- Same. 

EXFBBiNHNT  87. — Moisten  the  clear  cold  borax-head,  and 
dip  it  into  some  fiiielj-powdered  manganese  dioxide ;  a  few 
minute  particles  only  aie  to  he  thus  attached  to  the  bead. 
Then  fuse  this  subetancB  into  the  head,  by  heating  it  for  a 
ehort  time  in  the  tip  of  the  miter  blowpipe-flamo.  Examine 
the  colour  of  the  bead  at  once  by  looking  through  it  at  a 
piece  of  white  paper,  or  at  a  window- light,  or  e.  bright  flame. 
It  will  be  piirple  or  amethyst-red  wliilo  hot,  and  the  colour 
wilt  not  alter  when  the  bead  has  cooled. 

Now  heat  the  bead  again  for  some  time  in  the  tip  of  the 
inner  blowpipe- flame.  Its  colour  will  vanish.  The  colour 
will,  however,  roapjicar  when  the  bead  is  heated  at  the  tip  of 
tike  outer  blowpipe-flame.  These  changes  of  colour  in  the 
borax-bead  characterise  the  metal  manganese. 

General  Bemarfca  on  the  Bonx-beed.— A  beginnvr  oftan  obtains  an 
opaque  bend  in  tbo  abovo  i!X{>eriiD<:ut.  Tim  is  caused  by  tha  use  of  loo 
niucb  BiBDganese  oxide.  If  this  should  hapjien,  the  bend  should  be 
futcil  again,  and  a  portion  of  it  xliuuld  h«  abahen  off  and  replaced  b; 
froah  bo  rut 

Wheu  tbu  test  with  the  bomx-beod  ia  Sniehed,  tbe  bead  is  detached, 
while  it  is  still  fused,  by  giving  the  wire  a  sadden  jerk.  The  bead 
may  also  be  remored,  after  it  has  cuoled,  by  crushing  it  on  a  haixl  flat 
mubw  by  a  sharp  blow  with  the  pestle. 

Two  mounted  platinum -wires  should  be  kept,  and  their  loops  should 
alwaji  bo  imtoeised  in  dilute  hydroclilorio  acid,  when  the  wires  are  not 
in  USE.  They  will  then  only  reijuire  to  be  washed  with  water  befors 
they  are  employed  for  the  above  tcsL 

109.  The  Microooflmio-bead. — Certain  substances  give  more  decisive 
colorations  to  a  fused  bead  of  iiiii:rocoiimic  salt  (NbNH«HP0,.4HiU)  in 
the  platiuuiu-wiie  loop  thau  to  a  bead  of  borax  prepared  as  has  been 
drambed  in  llie  preceding  parai^rajih.  The  pktinum-wire  loop  for 
tbii  twt  must  be  uiodo  smaller  than  for  burns,  else  the  bead  drops  out 
of  Uie  loop, 

110.  Ignitioii  on  Charcoal  in  the  Blowpipe-flame.— 
Wood-charcoal  ie  often  employed  as  a  support  for  substances 
which  are  to  be  strongly  heated  in  the  hlovi^v^f!A3n». 


possesses  the  advantage  of  being  cheap  and  infusible,  and  of 
being  a  very  poor  conductor  of  heat. 

Charcoal  ie  often,  however,  selected  for  this  use  on  account 
of  the  reduaiug  or  deoxidiaing  power  which  it  can  exert  at  a 
high  temperature.  This  renders  it  entirely  unsuitable  for 
oxtdiging  processes  such  as  that  described  in  £xp.  85  (I06), 

Ignition  on  charcoal,  therefore,  serves  chiefly  to  detect  the 
presence  of  the  heavier  metals  in  their  compounds.  These 
are  smelted  out  by  the  reducing  action  of  the  inner  blowpipe- 
flame,  aided  by  that  of  the  red-hot  cliarcoal.  The  assistance 
of  fused  reagents  is,  however,  often  necessary,  or  at  least 
ad  vantage  oils. 

The  vapours  of  some  metals,  which  have  been  thus  smelted 
out,  bum  as  they  leave  the  charcoal,  and  the  metallic  oxides 
thus  formed  are  deposited  as  ineruslalion*.  The  white  ash, 
which  is  left  by  combustion  of  the  charcoal,  must  not  be 
mistaken  for  such  an  incrustation. 

ExpEniMBNT  88. — Choose  a  piece  of  wood-charcoal  which 
is  free  from  large  cracks,  and  which  does  not  crackle  or  spit 
when  it  is  heated  in  the  blowpipe-flame.  Scoop  out  a  small 
hollow  near  one  end  of  it,  with  a  knife  or  with  a  charcoal- 
borer. 

Place  in  this  cavity  a  little  powdered  lead  acetate  and 
sodium  carbonate,  and  mix  the  powders  together  in  the 
cavity  with  the  point  of  a  penknife. 

Heat  this  mixture  in  the  inner  blowpipe-Qame,  holding 
the  charcoal  in  such  a  way  that  the  flame  plays  over  its  sur- 
face (fig,  63). 

Bright  globules  of  lead  will  soon  be  visible  in  the  cavity; 
and  when  the  charcoal  is  removed  from  the  flame,  the  sur- 
rounding surface  will  be  found  to  be  coloured  with  a  yellow 
incntftalion. 

Take  one  of  the  little  globules  of  metal  from  the  charcoal 
with  the  point  of  a  penknife,  and  strike  it  smartly  with  the 
pestle  on  the  bottom  of  the  inverted  mortar.  It  will  flatten 
out  into  a  cake,  showing  that  t!ie  metal  is  malkahle.  and  not 
bnttle. 


Detacli  another  metallic  globule,  cleanse  it  from  charcoal 
by  lolliog  it  between  the  moititened  finger-tips,  transfix  it  on 
the  point  of  tlie  penknife  blade,  and  rub  it  on  aome  paper. 
It  will  be  found  to  mark  paper  as  black-lead  dooe. 

Lead  compounds  are  characterised  by  giving  a  yellow 
incrustation,  and  malleable  globules  which  arc  soft  eiiouRb  to 
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tiiark  paper,  when  they  are  subjected  to  this  test  od  charcoal. 
The  teat  therefore  Bwves  to  detect  the  presence  of  lead  in  its 
compounds. 

III.  Washing  and  Levigation  of  the  Besidue  left  on 
the  Charcoal,  —Metallic  globules,  which  have  been  obtained 
accordinj;  to  the  directions  given  in  the  preceding  experi- 
ment, arc  iLiually  viaiblo,  at  least  with  the  aid  of  a.  lens, 
Tliey  are  al.w  easily  detached  from  the  charcoal. 

But  Jino  metallic  particles  or  scales  can  often  only  be 
detected  and  separated,  after  the  fused  residue  has  cooled 
and  haa  been  detached  from  the  charcoal  with  the  point  of  a 
penlcniie,  and  has  then  been  washed  by  levigatiou, 

With  this  object,  the  residue  is  crushed  in  a  mortar,  or  in  a 
porcelain  diab,  with  a  little  water.     The  water  is  then  i^uictl^j 
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decanted  down  the  wet  pestle,  which  is  pressed  against  the 
edge  of  the  vessel  (Gg.  G4),  The  Hght  euapeuded  particles 
of  charcoal,  together  with  soluble  siihstances,  are  thus  poured 
off;  while  the  heavier  and  insoluble  metallic  parlicle-s  are 
left  in  the  vessel.     By  repeating  this  procesB  of  levigation, 

Fio.  64. 


Washing 


the  metal  may  be  obtained  free  from  soluble  substances  and 
from  charcoal ;  it  may  then  bo  further  examined  by  a  lens, 
or  may  be  tested  with  n  magnet  or  by  other  means. 

It  may  be  noted  that  the  addition  of  a  piece  of  potassium 
cyanide  to  the  mixture,  before  it  is  heated  on  the  charcoal, 
will  usually  much  facihtate  the  process  of  smelting  out  the 
metal,  and  will  assist  in  bringing  it  into  the  globular  condi- 

ExFERiMENT  89. — Fuss  soms  sodium  carbonate  with  a 
httle  copper  sulphate  on  charcoal  iu  the  inner  blowpipe-fiame, 
and  levigate  the  residue  as  is  directed  above.  Little  red 
Kcalea  of  copper  will  be  obtained. 

ExPERiMBNT  90. — Treat  in  the  same  way  a  mixture  of 
ferrous  sulphate  and  sodium  carbonate.  A  grey  powder,  con- 
sisting of  metallic  iron,  will  remain.  When  this  powder 
is  touched  under  water  with  the  point  of  a  magnetised  pen- 
knife, it  will  attach  itself  in  the  form  of  a  tuft  to  the  point. 


Flame  Cor.omTifiNS. 

112.  Characteristic  Colours  are  imparted  to  a  Nonlimii- 
nons  Flame  by  the  vapours  which  many  aiibstances  emit  at 
a  high  temperature. 

The  blowpipe- name  may  be  employed  to  obtain  these 
colorations.  A  Bunaen-flame  alaa  answers  the  purpose 
well,  but  on  account  of  the  lower  temperature  of  this  flame, 
many  colorations  are  not  obtained  with  promptness  or 
intensity. 

Wlien  the  Bunsen-flame  is  used  for  this  purpose,  it  may  be 
partly  surrounded  with  a  conical  chimney,  wjiich  steadies 
the  flame  considerably  (figs.  G5,  66,  67).  The  supply  of 
air,  entering  by  the  air-holes,  should  be  ao  regulated,  that  a 
small  luminous  point  appears  near  the  top 
of  the  flame.  The  platinum  wire  is  held 
either  in  this  luminous  point  or  just  below  it. 

ExPBRiHENT  91.^ — Heat   a   platinum 
loop,  which  is  not  more  than  an  eighth  of  an 
inch  in  diameter,  in  the  inner  blowpipe-flume. 
If  the  wire  is  clean,  it  will  become  red  hot 
without  colouring  the  flame. 

If  the  wire  colours  the  flame,  it  must  be 
bailed  with  hydrochloric  acid  in  a  test-tube 
and  then  rinsed  well  with  water.  Or  it  may 
be  wetted  with  strong  hydrochloric  acid,  and  then  heated 
strongly  in  the  blow  pipe- flame  until  it  no  longer  colours 
the  flame.  If  the  loop  cannot  be  cleansed  in  this  way,  the 
end  of  the  wire  must  be  cut  off,  and  a  fresh  loop  must  bo 
formed. 

Now  dip  the  wire-loop  into  a  little  sodium  chloride  solu- 
tion on  a  watch-glass.  When  the  loop  is  removed,  it  must 
remain  flUed  by  a  drop  of  the  solution.  Then  hold  the  loop 
at  the  tip  of  the  inner  blow  pipe- flame.  The  outer  flame 
will  be  coloured  brifjkt  yellow. 

Repeat  the  esperiment,  placing  the  loop  containing  the 
BolntioD  in  the  outer  part  of  the  Bimsen-SkOimQ,  B.\y:iu\.  V«£i.\- 
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way  between  ita  base  raid  top.      The  aaroe  yellow  tint  will 
be  eeen  above  the  loop. 

This  yellow  coloration  is  given  to  the  flame  only  by 
Eodium  and  by  its  volatile  compounds.  On  looking  at  it 
through  the  indigo-prism,  no  yellow  coloration  will  be  visible. 

ExpERiMRKT  92.— Kemove  nil  sodium  chloride  from  the 
platinum  wire  loop,  by  heating  it  strongly  in  the  tip  of  the 
blowpipe-flame  as  long  as  it  imparts  any  colour  to  the  flame. 
Then  dip  the  wire  loop  into  some  solution  of  pure  potassium 
nitrate.  This  will  impart  to  the  flame  a  pah  lilac  colour, 
which  is  characteristic  of  potassium  and  its  compounds, 
When  this  coloration  ia  viewed  through  the  indigo-prism,  it 
will  appear  eritnuon. 

EspEETMKNT  93.— Now  dip  the  wire  loop  into  a  mixture  of 
a  few  drops  of  the  sodium  chloride  solution  with  a  few  drops 
of  the  potassium  nitrate  solution,  which  has  been  made  on  a 
watch-glass,  When  the  loop  is  held  in  the  flame  the  sodium 
coloration  only  will  be  seen.  But  if  this  coloration  is  then 
viewed  through  the  indigo-prism,  the  crimson  potaBsium 
coloration  will  be  seen  distinctly.  By  means  of  the  indigo- 
priam  the  potassium  coloration  is  therefore  discoverable,  even 
when  it  is  concealed  by  that  of  sodium. 


THK    SpEDTnOfiCOPE. 


113.  The  Spectra  furnished  by  the  Spectroscope  afford 
the  most  certaui  means  of  detecting  substances  by  means  of 
their  flame -col  orations,  more  especially  when  the  colorations 
due  to  several  substances  are  mingled  in  the  Same. 

When  the  coloured  light  from  the  flame-coloration  passes 
through  the  spectroscope,  it  is  separated  into  its  constituent 
colours  by  traversing  a  glass  prism.  The  coloured  lines, 
which  are  seen,  as  the  result  of  this  separation,  are  termed 
the  gpedram  of  the  substance.  By  their  colours  and  relative 
positions  they  serve  to  identify  the  subetaace  with  certainty. 
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TIiU  is  equally  true  whether  the  flame -coloration  is  pro- 
duced by  one  aubstance  only,  or  by  several;  since  the 
constituent  colours  are  in  any  case  seen  without  interference 
one  with  another. 

Two  forms  of  spectroscope  are  in  common  nee  for 
chemical  analysis.  The  Direel'Vmon  Spectroscope,  which  is 
sliown  ready  for  use  in  fig.  66,  is  recommended  by  its  com- 
pactness and  its  portability.  In  its  smallest  form  it  can  be 
cairieil  in  the  waistcoat  pocket.  Tlie  Bunten  or  Table 
Speetrotatpc,  sliown  in  fig.  67,  is  to  be  preferred  for  general 
use  as  a  stationary  piece  of  apparatus  in  the  labaratory. 

The  light  enters  each  of  these  instruments  through  a  slit, 
the  width  of  which  can  be  adjusted  to  suit  strong  or  feeble 
colorations.     The  rays  of  light,  after  passing   the   slit,  are 


The  UiREa-Visiu.s 
rendered  less  divergent  by  traversing  a  lens,  and  then  pass 
through  one  or  more  prisms.  The  rays  are  finally  focusaed 
by  means  of  a  sliding  eye-piece,  bo  as  to  give  a  sharp  image 
of  the  slit. 

114.  The  Direct-vision  SpectroBCOpe  is  arranged  for  use 
by  supporting  it  in  a  ckmp  in  front  of  the  flame  (fi?..  SSy 
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I  The  aiit  is  then  sligbtly  opeaed,  ancl  the  oye-piece  is  adjusted 
1  to  sharply  focuB  the  vertical  yellow  line,  which  is 
^  the  sodium  compounds  present  in  the  atmospheric 

stead  of  supporting  the  instrument  by  a  clamp,  it  may 
be  held  in  the  hand  and  directed  on  the  Qame,  It  is  then 
most  readily  focussed  before  it  is  directed  on  the  flame,  by 
rendering  sharp  the  dark  Fraunhofer  lines,  which  are  seen 
on  looking  tlirough  a  window  at  ordinary  daylight. 
Proceed  to  Exp,  94. 

115.  The  Bunsen-  or  Table-Spectroscope  (fig.  67)  has 
usually  three  brass  tubes,  (.)ne  of  these  carries  the  adjust- 
able slit,  another  the  eye-piece,  and  the  third  a  transparent 
photographic  scale. 

The  instrument  is  brought  into  adjustment  by  placing  a 
BuGsen-burner   with  closed  air-holes  in  front  of  the  slit. 

Fio.  87, 


On  looking  through  the  eye-piece  at  this  luminous  flame,  a 
eoniintious  spectrum  of  unbroken  colours  will  be  seen.  The 
upper  and  lower  edges  of  this  spectrum  are  sharply  focussed 
by  moving  the  eya-pieco :  aod  the  two  tubes  are  arranged 
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at  such  an  angle  as  to  give  the  longoat  complete  spectrum 
possible.  The  tubes  must  either  he  peTtnanently  clamped  in 
this  poaition,  or  they  must  be  so  marked  that  they  can  at  any 
time  he  brought  readily  into  the  same  position  with  certainty. 
Air  is  then  admitted  into  the  Eunaen-flame  by  opening  the 
holes  of  the  burner,  and  the  yellow  sodium  line,  which  is 
always  visible,  is  arranged  in  a  vertical  position  by  rotating 
the  alit-tube,  and  is  then  sharply  fooussod.  The  bright  flame 
is  now  lighted  o^iposite  the  end  of  the  scale-ttiba ;  the  scale 
is  focnssed;  and  the  Bcale-tiibe  is  shifted  until  the  yellow 
Bodium-line  stands  at  a  particular  graduation,  the  fiftieth  being 
selected  for  the  special  chart  in  the  figure.  This  yellow  line 
will  usually  be  seen  in  all  the  following  experiments,  since  it 
is  derived  from  the  atmospheric  dust,  which  enters  the  flame  : 
it  may  be  produced,  if  necessary,  by  introducing  a  platinum 
wire,  moistened  with  sodium  chloride  solution,  into  the  flame. 

EXpebimbnt  94. — When  the  spectroscope  has  been  brought 
into  adjustment,  the  student  should  proceed  to  introduce  a 
mounted  platinum  wire  (9)  into  the  front  of  the  Bunsen- 
flame,  at  a  level  just  below  the  slit  of  the  spectroscope. 
The  platinum  wire  loop  should  be  moistened  successively 
with  sohitions  of  sodium  chloride,  of  potassium  chloride,  of 
barium  chloride,  of  atronlinm  nitrate,  and  of  calcium  chloride. 

The  wire  may  be  conveniently  supported  in  the  flame  by 
shpping  its  glass  handle  upon  a  horizontal  wire  arm.  tha 
height  of  which  is  adjustable  on  a  stand  such  as  is  repre- 
sented in  figs.  66,  67. 

Coloured  vertical  lines  will  be  seen  when  these  fiame  colora- 
tions are  observed  through  the  spectroscope.  These  lines  will 
always  he  the  same  in  colour  and  position  for  the  same 
fiamC'Coloratian.  They  will  vary,  however,  in  these  respects 
with  the  colorations  of  diSerent  substances.  A  particular 
linetjiedrum  is  therefore  characteristic  of  each  of  the 
vapours  which  give  rise  to  the  above  flame- col  orations. 

116.  The  Spectmm-Obart. — The  pocket-speclroBcope  is 
not  usually  furoislied  with  a  graduated  scale  {qt  -ntcfl&tmvi^ 
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the  positioD  of  the  spectrum- lines,     [n  the  absence  of  a  si 
the  relative  positions  of  the  lines  of  any  particular  spectru 
may,  however,  be  jotted  down  or  remembered  with  approxi- 
mate accuracy.      Since    the   yellow   sodium    tine   is   never 
absent,  it  will  furnish  a  useful  landmark  in  the  spectnuu. 

The  scale  of  the  larger  spectroscope,  however,  enables  the 
position  of  the  specttiTm-lines  to  be  noted  down  on  a  chart, 
and  they  are  thus  easily  identified  if  the  instrument  is 
always  brought  to  the  same  adjustment.  The  instrument 
must  always  be  brought  to  precisely  the  same  adjustment  aa 
it  possessed  when  the  lines  were  mapped  down  i 
spectnim- chart,  if  the  chart  is  to  be  of  any  use. 

The    epectrum-lines    will   vary  in   position    in    difTerent 
instruments,  owing  to  variation  in  adjustment,  ami  to  differ-    ] 
ence  in  the  material  and  angles  of  the  prisms.     Hence  it  is 
necessary  to  make  a  separate  chart  for  each  spectroscope. 

The  accompanying  spectrum- chart  (fig.  68)  indicates  a  con- 
venient method  of  mapping  the  lines  ;  but  the  position  of  the    , 
lines  on  the  scale  is  only  accurate  for  the  spectroscope  from 
which  the  chart  was  made. 

In  this  chart  the  relative  intensity  of  the  spectrum-IInea 
may  be  inferred  from  their  varying  thickness ;  while  the  rela- 
tive intensity  of  the  lines  in  each  spectrum  is  indicated  by   i 
the  Greek  letters  applied  in  the  order  of  decreasing  intensity. 
The  colour  of  each  line  is  shown  by  the  name  of  the  colour 
which  is  placed  at  the  top  of  the  chart,  over  the  region 
which  the  line  occurs.     The  position  of  each  line  is  indicated   j 
by  placing  beneath  it  the  nimiber  of  the  scale-graduation  at  J 
which  it  stands.     The  position  of  the  yellow  sodium-line  i 
marked  in  each  spectrum  by  a  dotted  line :    this  line    ii 
usually  seen  in  every  test  which  is  made,  for  reasons  which 
have  been  already  stated,  and  it  therefore  serves  as  a  land- 
mark. 

A  chart  of  this  kind  must  be  at  hand  for  reference  when 
the  spectroscope  is  used  for  analytical  work.  The  spectrum- 
lines  may  be  marked  in  with  pen  or  pencil  on  a  white  ground, 
but  they  are  more  striking  if  coloured.  The  chart  may  c 
veniently  be  suspended  near  the  instrument. 
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The  spet't.nim  of  an  iinlttiown  aiibstance  may  be  identified, 
iven  when  tlie  iiistnimciit  Iim  not  been  parefiiUy  mijusted, 
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»..«  in  thn  aliaencn  of  the  chart.    For  this  purpose  tlie  position 
«f  the  linos  b  noted  on  the  wale,  and  th«  4wave^"=*^^^»''^^'«- 
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of  a  known  substance,  which  is  believed  to  correspond  to  the 
spcctnun  which  is  under  observation,  is  tlien  thrown  into  tha 
spectroBcope,  If  the  spectnim -lines  of  the  unknown  substance 
are  identical  in  colour  and  in  position  with  those  given  by  the 
known  coloration,  the  two  spectra  raust  be  due  to  tba  soma 
substance,  and  the  unknown  Bubstance  is  therefore  identified, 

ExrBBiMB.vT  95, — The  student  should  carefully  observe 
and  map  the  spectra  of  several  of  the  metals,  which  are 
mentioned  in  the  Bpoetnim- chart  (fig,  C8).  Ho  should  then 
pruceed  to  esamine  some  of  the  mixed  spectra,  which  are 
obtained  from  solutions  containing  the  salts  of  two  or  mors 
of  these  metals.  Tlio  ease  with  which  many  metals  can  be 
found  by  means  of  the  spectroscope,  even  in  the  presencft 
of  one  another,  will  thus  become  evident. 

The  Delicacy  ot  this  Method  of  detecting  certiiu  mptala  is  txtrcma. 
Thus  it  is  only  in  air  wliii:h  lias  remuiDird  undlstarbed  Tor  a  loug  tim« 
and  is  >ImDRt  ■bBoliitely  froe  from  dust  particle,  that  tb*  sodium   , 
B]>ectnini  ia  not  obta)ii«i  from  a  liun sen-flame.     By  nsing  extrerudy 
dilute  loIuCiaiii  of  melallic  salts,  the  deiincy  of  the  methixl  has  been    i 
proTcd  in  the  case  aS  other  molsla.      Itunaen  states  tlist  one  thn*-  h 
thousand  millionth  of  a  grain  of  sodium  can   be  detected  by  tha 
apcctrow^ojiB. 

^  the  mora  Powerful  Hodeni  Spectrosoopea  sevecal  prisma  are  j 
used,  and  the  lines  of  the  gpectra  become  more  wiilely  rapnraleil.  Thetr 
relative  poiitions  may  then  be  noted  with  grcnt  preeiaion  by  nioring  . 
the  obserring-tube  nntil  each  lioa  in  aocceaainn  in  brought  into  tha 
middle  poiiit  of  the  croas-wires  in  the  «yc-[He(!e.  The  poaition  o[  tha 
eye-piece  ia  then  iMd  oS  on  the  gradtistcd  edge  of  the  circulor  table 
on  whi^h  the  priams  stand,  and  rcgiatera  the  position  of  ench  tine. 
Inatruments  of  i^at  power  and  precision  are  howerer  not  reqnisdt* 
for  ordinary  analyticBl  work,  and  the  simple  form  of  table  speetro- 
Bcope  which  has  be«n  alrendy  desi^rihed  will  b«  found  to  be  sulEeient . 
for  the  puriKwe. 

117.  Use  of  the  Spectroscope  in  Chemical  AnalyBis. — 

The  spectroscope  is  of  special  use  in  chemical  analysis  for  the 
following  purposes. 

1,  For  readily  detecting  metals  when  iboir  flame-colora- 
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tions  are  concealed  b;  that  af  sodium ;  and  generally  for 
detecting  metala,  wIil'q  their  colorationB  are  mixod  iti  the 
flame. 

2.  For  dislinguiahing  similar  colorations  from  one  another. 
Tlius  the  rod  coloration  of  strontium  is  easily  distinguished 
from  that  of  caicium,  by  the  strongest  ted  Ima  in  each  of  the 
spectra  being  at  a  ditl'ereut  distance  from  the  sodium  line; 
these  very  umilar  flurae-coloratioiiB  are  further  distinguished 
by  the  appearance  of  a  characteristic  blue  line  in  the  spectrum 
of  strontium,  and  by  a  characteristic  green  line  in  the 
spectrum  of  calcium, 

3.  For  detecting  minute  traces  of  many  metab,  which 
could  scarcely  be  discovered  by  otlier  means.  The  metala 
lithium,  indium,  thallium,  rubidium,  and  citsitim  were  dis- 
covered by  their  spectra ;  and  as  these  metala  usually  occur 
iu  minute  proportion  only,  they  are  most  conveniently  de- 
lected by  the  spectroscoiw. 

It  is  by  no  means  a  matter  of  indifference  which  compound 
of  Si  metal  is  selected  for  obtaining  the  dame- coloration  or 
spectrum  of  the  metal.  The  moat  volatile  salts  are  generally 
the  chloride,  the  nitrate,  and  the  chlorate  ;  these  accordingly 
give  the  moat  vivid  but  the  least  durable  spectra.  The 
coloration  is  increasingly  feeble  with  the  sulphate,  the  car- 
bonate, and  the  phosphate  ;  ond  the  silicate  does  not  usually 
give  any  coloration  at  all. 

The  coloration  becomes  more  intense  when  the  linely 
powdered  substance  is  moistened  with  strong  hydrochloric 
acid.  But  in  the  case  of  a  silicate  it  is  usually  ueceasory  to 
muisten  the  powder  with  liydrofiuorie  acid,  or  to  mix  it 
with  pure  auuuonium  cldoi'ide  and  calcium  carbonate,  before 
it  is  introduced  into  the  Uame. 

Some  very  volatile  substances  give  only  a  momentary 
flash  of  colour  in  the  Hamo ;  while  otliere,  which  are  far  less 
Tolatila,  colour  the  Uame  only  at  the  highest  temperature 
obtainable.     Hence  careful  obsecy&liciu  ol  >^^«  %.am&  c»jv:i\b.- 
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tion  through  the  spectroscope  is  necessary,  from  tJie  moment 
tliat  the  substance  is  introduced  into  the  flame,  until  the  wire- 
loop  has  been  heated  to  whiteness  for  some  time. 

The  width  of  the  slit  of  the  spectroscope  should  be 
regulated  according  to  the  intensity  of  the  lines  to  be  looked 
for.  A  bright  line  can  be  observed  with  a  narrow  slit,  and 
its  position  is  thus  noted  with  great  precision.  The  slit 
must,  however,  be  opened  much  more  widely  to  see  a  faint 
line,  such  as  Kfi  (fig.  68).  Great  breadth  of  the  line  is 
objectionable,  since  it  prevents  its  position  on  the  scale  from 
being  accurately  noted,  and  often  causes  the  edges  of  neigh- 
bouring lines  to  overlap. 

The  background  of  the  flame  should  be  absolutely  black, 
in  order  to  prevent  admission  of  stray  light  into  the  slit.  A 
piece  of  black  velvet  hung  behind  the  flame  gives  a  good 
background. 


SECTIOK    IV. 


ANALYTICAL  RBACTIONa. 


PART  1.— INTROBUCTION  TO  THE   ANALYTICAL 
REACTIONS. 


Soma  paragrkphg  in  this  Section  are  narked  witb  an  utarUk  (*). 
ThuB  may  be  omitted,  ir  the  analyais  of  simple  siXta  only  is  to  b« 
learnt.  Tliese  paragraphs  will,  honerer,  r<H[uiiii  the  carafut  attantiuu 
of  the  general  analyst. 

BeaRtiuQu  priutid  in  small  type  are  of  minor  imparlanL'e  only,  and 
maj  be  patted  over,  or  Kimply  read  through,  if  time  i»  limited. 


iNTRODUOTOni    HEMAftKB, 

126.    Object  and  Uethod  of  Chemical  AnalyBiB. — Ths 

study  of  cheniintry  ]\as  revealed  the  fact  that  every  sulwtanca 
conuisla  either  of  one  kind  uf  matter  ouly,  or  of  two  or  mora 
different  kinds.  Those  substances  which  contain  only  one 
kind  of  matter  are  culled  Cliemieal  Elementg.  Their  uumber 
at  present  amounts  to  about  seventy.  A  list,  which  com- 
prieee  most  of  tliem,  is  given  at  the  end  of  the  book  (1173), 

Tliese  elements  do  not  usually  occur  singly.  Two  or 
more  of  them  are  commonly  found  together  either  in  a  state 
of  mere  Mixture,  or  united  in  a  much  more  intimate  manner 
in  a  Cliemieal  Compouiui. 

It  is  the  object  of  analytical  chemistry  to  discover  what 
eleraont,  elements,  or  sometimes  what  grDU|}B  of  elements  or 
Itadide*,  any  aubataiice  of  unknown  composition  contains. 
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But  an  analysis  may  also  be  undeitnken  in  order  to  aacertiiia 
whether  any  particular  element  or  gronp  of  elenienta  is 
present  in  a  given  substance. 

An  analyst  should  be  acquainted  with  the  properties  of 
each  element  and  of  the  compounds  which  it  forms  with 
other  elements,  Efficiency  in  analysis  therefore  depends  in 
a  large  measure  upon  the  knowledge  of  what  is  usually 
termed  Tlicorelieal  Chemintry,  but  may  be  more  appropriately 
styled  Descriptive  Cliemitlry. 

For  ordmary  analytical  purposes,  however,  certain  marked 
properties  or  changes  of  each  element,  or  group  of  element^ 
are  selected ;  and  by  these  properties,  called  Teuls  or 
Heactifms,  its  presence  Li  detected. 

The  tests  or  reactions  which  are  most  frequently  selected 
depend  upon  the  behaviour  of  a  substance  when  it  is  heated 
under  various  conditions  (105-II7),  and  upon  its  behaviour 
when  it  is  mixed  with  certain  liquid  or  solid  substances  (()o). 

Such  Bubstances,  when  they  are  added  for  analytical  pur- 
poses, are  called  Reayanla.  Some  reagents  serve  for  de- 
tecting one  element  or  compound  only,  and  are  therefore 
called  Sjjeriai  lieaijenU :  otliers  separate  or  detect  a  group 
of  elements  or  compounds,  and  are  called  Group  Reagentt 
or  General  Reagents. 

127.  Analytical  Groups.— The  metals  are  separated,  by 
their  Ijehaviour  with  certain  general  reagents,  into  five  prin- 
cipal Groups,  Two  of  those  Groups  are  further  subdivided 
into  two  Subgroups. 

Each  Group  receives  a  distinctive  name,  which  is  derived 
either  from  its  place  in  the  system,  or  from  some  conspicn- 
ouB  or  important  member  of  the  Group,  or  from  the  general 
reagent  which  is  used  to  precipitate  the  Group.  Thus  we 
speak  indifferently  of  the  Fourth  Group,  of  the  Barium 
Group,  or  of  the  Ammonium  Carbonate  Group. 

It  is  perhaps  well  to  avoid  referring  to  a  Group  by  its 
number,  since  different  analysts  number  the  groups  differ- 
ently, and  the  number  is  therefore  apt  not  to  denote  the 
Group  with  certainty. 
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t  the  beginning  of  the  Fifth  Section  of  thiB  book  (931), 
the  Analytical  Groups  of  the  metala  are  tabulated;  and  the 
diatinctivu  iiiuuber,  name,  and  reagent,  which  are  char- 
acteriatic  of  each  Group,  are  placed  at  the  head  of  its 
column.  The  names  and  eymlsola  of  the  metals  contained 
in  the  Group  are  arranged  vertically  beneath  tlm  beading. 

128.  Analytical  ClasBification. — ^Tho  chemical  elements 
are  frequently  divided  into  two  claaseB,  Metals  and  Non- 
inelais.  These  classea,  with  the  folloi^iiig  modificatiouB, 
form  convenient  lUvisiona  for  audlytioal  purposes: — 

I.  With  the  metala  must  be  classed  the  hyiMthetical 
metallic- radicle  Ammonium.,  and  the  element  Hydroijeii. 

II.  Tlie  non-raetalfl,  either  smgly,  or  in  groups  formed  by 
their  combination  inter  se  or  less  frequently  with  a  metal, 
unite  with  hydrogen  forming  acids,  and  with  metala  forming 
Mltg.  The  acids  may  be  looked  upon  aa  the  hydrogen  salts 
of  these  non-metala  or  of  these  radicles. 

ThuB  CI,  SO,,  rO„  MnOj,  form  tlie  hydrogen  salts  or 
acids,  HCl,  HjSO,,  H^PO^,  HMnO^ ;  and  the  metallic  salte, 
K.CI,  MgSO,,  Na^PO^,  KMnO^.  Metal-kt/drogen  gaits  or 
Add  gallg,  such  as  NaHSOj,  NajHPO,,  are  also  known. 

Tlie  general  name  Acid-radicle  ib  uonvoniently  applied  to 
CI,  SO,,  P0„  MnOj,  and  to  similar  elements  or  radiclee, 
Some  of  these  acid-radicles  are  elements,  but  most  of  them 
are  nnisolated  Compoand-radides,  The  property  which 
they  poBseas  in  common  is  that  of  forming  acids  when  they 
uro  combined  with  hydrogen,  and  of  forming  salts  when 
they  are  combined  with  a  metal. 

For  analytical  purposes,  then,  stibstuncea  may  be  separated 
into  the  groups  of  MelaU  and  Acid-rmUrlm ;  although  certain 
elementary  and  compound  Bubstanccs  cannot  be  included  in 
this  generally  useful  classification ;  und  certain  non-metallic 
r  metailoidal  substances,  aa  well  as  certain  acid-radicles,  are 
for  analytical  purposes  conveniently  ciaM«i  mMi^  ftia  laa'wiA. 
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129-  Trying  the  Analytical  Beactions. — In  order  to 
become  fully  acquainted  with  the  behaviour  of  different 
substances  with  Reagents,  and  thus  to  be  able  to  detect 
these  substances  by  their  Readion*,  each  of  the  reactions 
should  be  tried  with  the  substance  itself  or  with  one  of  its 
componnds.  The  appearances  which  arc  presented  are  care- 
fully observed  and  remembered,  and  the  substance  may 
then  be  easily  recognised  in  a  body  of  unknown  composi- 
tion hy  means  of  those  reactions  or  tests. 

The  addition  of  a  reagent  to  a  substance  causes  some  im- 
portant and  visible  change  to  occur.  This  may  be  simply 
a  change  of  colour,  but  it  very  usually  consists  in  the  forma- 
tion of  a  precipitate.  The  colour,  the  appearance,  or  the 
behaviour  of  this  precipitate  with  other  reogenta,  is  char- 
acteristic of  a  particular  clement  or  compound-radicle. 

As  Hooit  as  a  reaction  has  been  satisfactorily  performed, 
it  should  be  briefly  described  Li  the  note-book  in  a  noat 
and  conciae  manner.  The  nature  of  the  chemical  change 
wliioh  has  occurred  should  then  be  explained  by  moans  of  a 
chemical  equation. 

130.  Chemical  Notation  and  Chemical  Eqiuitioiw.— Tlic  entrj  in 
the  Bot«-bnok  of  the  clieiuicol  change,  which  ocoura  in  ad  analytical 
relation,  involves  Iho  (Correct  use  af  eheiiiii'ol  symliols  and  rormuliv, 
uud  a  right  couceptioii  of  tli«  nieHninf;  of  a  cLeiiiical  cijuation.  For 
roll  iurormstion  on  thcu  niattera  n  treatise  an  thoorotic^al  chomiiitry 
should  bo  conaultul.  Tbe  fvw  hints  TChich  follow  will,  however, 
■orve  to  gaide  aud  guard  a  student,  who  has  not  had  much  ex|ierience 
in  tho  use  of  fonnuls  and  of  eqaations. 

Chemical  Hotation.— E»oh  dement  is  ro|)rcsenlwl  by  a  Symbol, 
wliicli  i^otiaiita  of  cither  one  or  two  letters.  Thus  3  ntniiili.  for  sulphur, 
CI  for  ohloriuu.  The  sfmbol  also  rupreaeute  one  Atom  of  each  eleluont. 
When  nynibola  aro  written  one  after  nnother,  they  give  the  FarmHla  of 
a  compound  aubstauoc.  A  corieut  fomiaU  shows  wbat  eleuieata, 
and  bow  maay  atoms  of  each  of  theao  elemenla,  the  compound 
luoleoule  contains. 

Tbtu  KCl  stands  lor  one  moltoule  of  potaasium  chloride,  a  com- 
poaod  of  one  atom  of  potsaainm  and  one  atom  of  ohlorine,      ¥lQ\, 
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•tkndB  for  one  moleanle  of  plntiaic  chloride,  which  consists  of  one 
Atom  of  plutmnia  combined  with  foai'  atoniBof  chlorine  ;  Hinceths  nmatl 
figure,  placed  below  a  rym&ol  to  the  right,  denotes  how  many  atoms  of 
tliBt  element  arc  ptosetit. 

A  nilmber  plnced  be/ore  n  formula  malti plies  each  symbol  in  Uint 
fonnida.  Thus  2FtOl4  aigniliiis  two  moIccDlea  uf  pUtinic  chloride, 
containing  ullogcther  two  atoms  of  pLatiniim  and  eight  atoms  of 
vhiorinc.  If  two  or  more  Bymiiols  are  included  in  bmckets,  any 
iinmber  placed  outside  the  brackets,  and  either  be/ore  or  aJUr  them, 
multiplies  each  symbol  icbich  is  contained  in  the  brackets. 

Thus  both  Sr(NO,),  and  Sr2[N0,)  am  equal  to  SrNiO,.  This  may 
aIm  be  writteo  3r2NO„  since  tlie  mnltiplication  by  2  extends  to  eacji 
symbol  which  follows,  until  a  break  occurs  in  the  formula.  Thus 
Sr2NO,.4H,0  would  denote  SrN,Og.HgOi,  if  the  multiplication  were 
carried  out. 

In  the  Seventh  Section  of  this  book  (1173)  there  will  be  Tcund  a  list 
of  tlie  nsmca  of  tht  Chemical  Elements,  with  their  ajiu hots  and  atomic 
weights ;  also  lists  of  the  names  and  the  oorrespanding  fbrmulm  of 
most  of  the  compound  Buhstoncea  which  are  I'eferred  to  in  the  text 
(1160-I167). 

Symbols  and  formiilm  are  always  ufli-d  iu  the  loiC  instead  of  names. 
The  corresponding  names  are  entered  when  the  symlwl  of  formula  is 
used  for  the  first  time.  These  names  may  also  be  fuuuil  by  referring 
either  to  the  lists  mentioned  iu  the  [ireceding  paragraph,  or  to  the 
labels  on  the  laboratory  bottles. 

Rules  for  Drawing  ont  a  Chemical  Equation,— The  student  will 
uudelBtond  Uiat  a  chemical  equation  i*  a  short  statement  of  ascer- 
Uined  chemicol  facts,  and  that  every  equation  which  conforms  to  the 
general  rates  stated  below  is  not  necvssarily  Iriio.  For  the  special 
pnrpoaefl  for  which  equations  are  osed  in  analytical  reactions,  how- 
liver,  the  following  rules  will  generally  furnish  true  equations. 

Write  down  the  fo^mula^  of  the  substancis  which  are  niixcil  to- 
gether, with  the  sign  of  addition  (  +  )  between  them.  Then  write 
tlw  sign  of  equality  (  — ),  rollowed  by  the  fonunU  or  the  precipitate 
or  product  formed. 

In  moat  analytical  reactions,  a  mutual  excliango  of  csrtnin  elements 
or  groups  of  elenients,  or  n  itmible  decomposUion,  occurs  between  the 
two  couiponnds  which  are  mixed,  A  little  cousidcration  will  there- 
fore usually  show  how  many  molecnies  of  these  sulvluiccs  are  re- 
quired  to  yield  the  formula  for  the  precipitate  or  principal  prodnot. 
It  will  also  W  seen  whetlier  any  other  subsUues  is  formed  at  the 
BBint!  time  ;  anil  if  ft  is  foimed,  its  formula  niuy  be  easily  deduced. 

The  uumber  of  atoms  of  any  one  element  on  both  sides  of  n  correct 
equation  must  always  be  equil. 


Applying  the  alraro  rules  to  the  first  taat  for  potasBiuii 
get:—  ^_^ 

KCl  +  PtCl,  =  K,PtCl4. 

This  stfitement  is  obtained  bj  merely  placiuf;  togetlicr  the  rormnlK 
of  the  siihstancDB  mixBd  and  of  the  predpitato  formed. 

It  is  evidently  aot  correct,  since  there  are  tno  atoms  of  K  on  the 
right-hand  aide,  ami  only  ous  on  the  loft ;  also  six  atoms  o(  CI  are 
fouDiI  on  the  right,  sod  only  live  on  the  left.  But  ttiia  inrqunlity  is 
■t  once  removed  if  wh  place  2  hrfore  the  KCI,  thus : — 

2KCl  +  Pta,  =  K;ptOl,. 
Evidently  if  the  above  equation  is  correct,  the  predpitatB  is  the  only  _ 
substance  fonned,  siuce  the  number  oC  atoms  in  the  substances  on  th 
Icfl-hatid  side  Is  exactly  equal  to  that  in  the  enbstanco  oo  the  rigbt 
Take  now  the  first  tost  for  Ba  (170).     Our  leutative  statement  is  :- 
BaCI,+  Ara3nO=a'W30,+ 
But  licre  the  left-hand  side  contniaa  Am,  and  OI2  more  than  the  riglkV 
The  eqnulity  is  easily  restored  thus ; — 

BaCl,  +  Am3C0,=  BaCOa  +  2AmCl . 
This  equation  stateH  that  when  barium  chloride  (BaClj)  and  bi 
I'arhonate  (AiUjCOj)  are  mixed  together,  barium  carhoual«  (BaCOj,)  and 
onimonium  chloride  (AmCl]  arc  obtained. 

131.  Abbreviations  employed  for  Entry  in  the  Note- 
book.— For  convenience  in  haaty  writing,  it  ia  not  uncommon 
to  employ  abbreviated  formulte  tor  the  compounil  radicles. 
This  ia  more  especially  the  case  with  those  radicles  which  are 
constantly  met  with,  and  with  those  which  have  a  complex 
composition. 

Only  anch  abbreviations  are  employed  in  the  text  as  aave 
the  use  of  brackets  or  of  numbers.  Thus  Am^  is  a  short 
rendering  of  (NH^),,,  and  Ho,^  of  H„0,(  or  of  (HO^ 

The  following  abbreviations  may  be  used  : — 

Am  toe  (NH^),  the  metallic -radicle  ammonium. 

T_     „    (C^HjOJ,  the  acid-radicle  of  tartrates.  J 

A      „    (CgSgOj),  the  acid-radicle  of  acetates.  | 

Oy    „    (CN),  the  acid-radicle  in  cyanides. 

^7y  I,   (FeCy,,),  in  ferro-  and  ferricyanides. 

£0  „    (HO),  the  radicle  occurring  in  hydroxides. 
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The  "  hydrate  "  of  a  metal  is  preferred  to  "  liydroside  " 
[  for  reasons  of  brevity  rather  than  for  theoretical  correctness. 

The  (ormulie  K^FeCy,,,  FaClj,  As^O^  are  frequently  em- 
I  ployed  in  place  of  the  more  complicated  formula;  Kg(FeCyo)j, 
Fe^Clu,  and  AajOg. 

The  following  contracted  words  are  also  used  : — 
tipt.     for    experiment.  in.vil.       for        inHulaMo. 

pp.        „      preoipitate.  id/".         ,.         salntjon. 

pp",       ,,      pracil'itatinn.  erysC".     ,,         crystalliui'. 

fp*.       „      preuipitntcil.  mP'.  ,,         ooloratini.. 

lol,        ,,      loluble. 

132.  Entry  of  Analytical  Heactions. — An  example  is 
given  below  of  the  entry  of  the  reactions  in  the  Noto-book, 
It  will  be  seen  that  a  systematic  method  ie  observed  in  writ- 
ing out  the  equations.  On  the  left-hand  side  of  the  equation 
the  formula  of  the  substance  upon  which  the  reaction  is  being 
tried  is  written  first,  then  follows  the  formula  of  the  reagent 
wliich  ia  added.  On  the  right-hand  side  of  the  equation, 
the  formula  of  the  precipitate  or  principal  product  is  entered 
first,  with  a  line  drawn  over  it  by  way  of  distinction ;  then 
follows  the  formula  of  each  substance  which  is  formed  at 
t)ie  same  time. 

In  the  subsequent  reactions,  the  formulip  of  the  sub- 
■tanca  used,  of  the  reagent  added,  and  of  the  precipitate 
produced,  will  always  be  given.  Theiw  data  are  generally 
sufficient  to  enable  the  student  to  form  the  equation.  The 
equation  will  only  be  given  in  full  when  it  ia  exceptionally 
difficult  or  complicated. 

The  following  example  of  the  brief  entry  of  reactions  in 
tho  Note-book  has  Ijeeu  selected  from  paragraphs  141-144. 

PoTASsifM  (K).— Uafd  KCl. 

1,  FtOl^ :  stirred  on  ivatcli-jilnss  1  yellow  crjst""  pp.,  snl.  in  muob  water 

and  in  KHO,  ina..!.  in  nlcolwl :  2KC1-H  rtClj-K^PtClg. 

2.  XaHT:  well  shskeD   in   a   test-tulw:    wliita   cryst"  pp.,  sol,  in 
u  KHO,  ttDd  in  HCl :  KCi+NaUT  =  KHT-*-NnCl. 
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3.  Flaine  eot".:  pale  liUo,  crimson  tliroiiph  the  indigo- prism  j  &  red 
and  a  faint  vlolot  Itue  at  tlie  extremo  ends  of  the  Epectnim. 


133.  Directions  for  Trying  the  Analjrtical  Beactions. 

1.  A  mhiliim  of  the  BuTwlonce,  the  reactions  of  wliicli  are 
to  ^e  tried,  must  always  be  employed,  unless  it  is  specially 
stated  tlmt  the  MiUd  is  required.  This  liquid  is  often  called 
the  original  solution.  The  solid  subetance  is  usually  only 
toquired  for  hloivpijio  reoctioaa. 

A  solution  may  be  kept  in  readiness,  or  it  can  be  easily 
made  by  warming  the  solid  with  water  or  with  dilute  acid 
(1 163,  1164). 

2.  Pour  into  a  test-tube  or  small  hcakor  about  twenty  oul 
centimetres  of  the  solution  of  the  substance  :  this  constitutee 
the  "  original  solution."    If  the  solid  substance  is  also  required, 
take  some  of  it  upon  a  watch-glass  and  powder  it  finely. 
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3.  Pour  a  little  of  the  original  solution  into  a  perfectly 
clonn  test-tube  and  add  the  first-mentioned  reagent  to  it,  A 
few  drops  only  of  the  reagent  should  be  added  at  Gist. 
More  can  ho  gradually  added  afterwards  if  neoeasary.  ■ 

The  habit  of  working  with  small  quantities  hotli  of  8oIlb4 
tions  and  of  reagents  must  be  acquired  from  the  first.  M 

In  trying  each  of  the  reactions  a  separate  portion  of  the 
original  solution  is  to  be  taken. 

i.  Before  trying  a  reaction,  the  student  sliould  carefully 
rend  through  the  tcJuile  of  the  ilencripHoH  at  the  results  to  be 
obtained.  The  experiment  is  then  to  be  performed,  literally 
following  out  the  directions  given. 

It  is  a  necessary  condition  of  after  success  that  each 
result  should  bo  obtained  precisely  as  is  stated  in  the  text. 
The  student  must  never  on  any  account  pass  on  witliout 
being  satisfied  that  the  statements  of  the  book  are  true,  and 
that  he  could  at  any  time  repeat  the  test  successfikUy. 


OKNKfiAI.  RULES   FOB   WOHKING. 

5.  Tho  watci  used  for  tho  teats  and  reactions  muat 
always  be  diniilkd  ina/er. 

Tho  acids  are  to  be  used  in  a  dilute  condition,  untesa  it  is 
stated  that  the  strong  acid  is  to  be  employed. 

In  all  coscB  KHO  and  NaHO  may  he  used  indifferently 
the  one  for  thu  other. 


GbNERAL    rules    FOit   WUItSIKO. 

134.  The  student  should  attend  corofuUy  to  tho  folbwiiii; 
rules.  Their  obaervance  will  materially  aid  the  progress 
and  accuracy  of  his  work. 

1.  Before  commencing  work,  look  through  the  reagent 
bottles  belonginjt  to  the  working  bench  (llfio).  Replace 
any  which  are  absent,  and  sec  that  the  bottles  are  arranged 
in  tho  order  shown  by  the  niimbera  on  the  labels.  Then 
proceed  to  fill  any  which  are  empty,  and  to  relabel  any 
whoso  labels  are  imperfect  or  loose.  Also  filter  any  of  the 
Ii<]uid  reagents,  which  are  not  quite  clear  when  they  are 
shaken  up. 

3.  Arrange  the  apparatus,  which  is  required  for  use,  on 
the  back  part  of  the  bench,  so  as  to  leave  the  front  of  tho 
bonch  free  to  work  upon.  This  will  lesson  the  risk  of  up- 
setting anything.     (See  Frontispiece.) 

3.  All  dirty  glass  and  porcelain,  which  ie  not  in  use,  shonld 
then  be  carefully  cleansed.  This  ought  to  be  unnecessary, 
since  apparatus  should  never  be  put  away  dirty. 

4.  When  a  reageat-bottle  is  to  be  used,  take  H  in  tho  right 
hand ;  remove  the  stopper  by  grasping  it  between  two  of  the 
fingers,  or  between  the  fourth  finger  and  palm  of  the  left 
hand ;  hold  the  stopper  in  this  way  while  the  bottle  is  being 
used,  then  replace  it  immediately,  and  return  tho  bottle  to 

0.  Pour  a  liquid  reagent  out  of    tho  side  of   the  ^V.k«, 
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opposite  to  that  which  bears  the  Inbi-I ;  and  prevent  the  lost 
drop  of  the  liquid  from  running  down  the  outside,  by  touch- 
ing the  lip  of  the  bottle  either  with  the  stopper,  or  ftgainst  the 
clean  edge  of  the  vessel. 

d.  Solid  reagents  should  be  taken  out  of  the  bottle  on  a 
clean  knife-blade  oi  bom  spatula,  or  with  &  slip  of  olean 
card-bonrd  or  paper. 

7.  £aeh  bottle  mww!  he  rsstoppered  and  rfplaeed  on  tJie  e/iaf/, 
in  itt  proper  place  and  mth  the  label  ovtvards,  immediatdy 
after  we;  it  mast  never  be  left  gtaniUag  on  tfm  tPorking-beneJt. 

8.  If  a  solution  or  precipitate  has  to  be  put  by  for  aomo 
time  before  it  undergoes  further  exaraination,  it  should 
always  be  labelled :  a  piece  of  gummed  paper  may  be 
attached  to  it,  bearing  either  an  iuBcrii>tion,  or  a  reference 
nttraher  which  is  explained  in  the  note-book,  and  which  is 
sufficient  to  recall  to  mind  what  the  solution  or  precipitate 
consists  of.     It  i)  well  never  to  trwl  to  memory  in  this  matter. 

It  will  be  found  to  be  uuadvisable  aa  a  rule  to  leave  a  pre- 
cipitate thus,  since  it  is  apt  to  dry  or  to  undergo  oxidation. 

9.  It  should  be  remembered  that  if  brass  crucible- tongs 
are  employed  for  holding  hot  evaporating  basins  coutaining 
acids,  some  of  the  brass  is  apt  to  be  dissolved  and  thus 
introduced  into  the  solution.  A  hot  dish  may  be  moved, 
either  by  holding  it  with  a  cloth,  or  by  lifting  the  stand 
upon  which  the  dish  is  placed. 

10.  Liquids  only  should  he  poured  down  the  sinks.  All 
solid  refuse,  such  as  soiled  filters,  broken  glass,  anil  pieces  of 
charcoal,  should  be  thrown  into  a  receptacle  which  is  placed 
in  an  accessible  position. 

11.  When  a  substance  is  being  examined  in  order  to  find 
out  its  composition,  the  student  should  fully  write  down  in 
the  note-book  each  test  or  process,  with  the  result  obtained, 
as  somi  as  it  is  completed.  The  anaiysis  is  thus  written  out 
gradually  as  it  progresses.  On  no  aeeoujU  must  the  entry  of 
t}ie  results  be  left  until  the  completion  of  the  analysis. 
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This  rule  cannot  be  too  stioDgiy  enforced,  as  negloct  of  it 
alwaja  cauaea  uncertainty  and  confusion.  Tho  most  con- 
reniunt  form  of  entry  U  tbat  of  the  Analytical  Tables. 

12.  CleajiHjte^  and  nealrtaig  in  analytical  work  cannot  be 
too  carefully  attended  to,  More  confusion  and  error  may 
be  caused  by  using  dirty  tost-tubes,  beakers,  dishes,  and 
funnels,  than  would  bo  thought  possible  by  the  beginner. 
Work  should  also  bo  rendered  as  ri/demalic  as  possible,  in 
order  to  economise  time  and  thought. 


SECTION  IV.-PAET  II. 


ANALYTICAli  REACTIONS  FOB  METALS. 


In  tryiiig  through  the  reaations  for  the  MelaU  the  iiiiisl  order  of 
the  Analytical  Groups  has  bfiflu  rovoraed,  htL-miHe  the  niont  aimpU  ro- 
Bctious  occur  in  tlio  laat  Gron[i»  and  these  are  therefore  better  suited 
for  &  begin  nei'. 

Orcnaionally  non-nietullic  or  metalloidal  rlenienls  are  (BsocUttd 
with  Iilet»l  Groujia  for  the  [mrpaseq  of  nn&tytical  ulassiticiktinn. 

The  roactioDB  of  the  Rirpr  Mutals  belaugiiig  to  each  Group  am 
autered  in  small  type  at  the  eud  or  the  Group. 

BeactioDB  priiitfd  in  small  type  may  be  omitted,  but  they  nhould  be 
ea  re  folly  r*ad  through, 

A  Table  will  be  fouDd  iu  paragraph  1172,  irbich  coiitams  the  unmea 
and  chemical  formulic  of  the  niuro  commonly  occurring  natural 
mioeralB,  in  nhich  the  diOereut  mctela  and  acid-mdiclea  arc  preseut. 


GROUP  v.— THE  POTASSIUM  GROUP. 
140.  Tliia  Group  includes  K,  NH,,  Na,  Mg,  togetlie 
the  rarer  metals  Li,  Kb,  Cs  (164-16S). 


The  meoihcra  of  this  Group  ai 
by  Liiy  Group -reagent. 


it  precipitated  from  tlirii'  solutii 


Potassium  (K). — Ubo  Potassium  chloride,  KCl. 
141,  Flatinum  chloride,  FtCl^,  if  it  is  added  to  some  of 
the  KCl  Eolution  ou  a  tvatch-glass,  and  stirred  gently  but 
persistently  with  a  glass  rod,  gives  a  yellow  crystalline 
precipitate  (K^PtCIg) ;  this  precipitate  forms  first  along  tlie 
Iwes  wJiere  the  rod  has  rubbed  the  glass. 
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Stir  up  the  precipitate  and  pour  off  the  liquid  with  the 
precipitate  into  three  teat-tubea. 

To  one  o(  these  portJons  add  much  diatiUed  water  and 
heat,  tlio  precipitate  wi]!  dissolve.  To  another  part  add 
alcohol,  the  precipitate  will  not  dissolve.  Hence  this  preci- 
pitate is  soluble  in  water,  and  insoluble  m  alcohol. 

By  warming  the  thinl  portion  with  solution  of  potassium 
hydrate  (KHO),  the  precipitate  ia  shown  to  be  soluble  in 
that  liquid. 

Benuiks, — Since  tbia  precipitnte  ia  Hotuble  In  Blkalla,  a  liquid,  to 
which  Ihis  teat  has  to  be  applied,  should  nlways  bu  mode  neutral  or 
fujoUy  acid  bvfore  PtOli  ia  nddnd.  It  ia  always  well  to  acidi^  the 
liquid  witli  dilute  HCl,  aud  to  make  sure  by  test-paper  tbal  it  is 
■lightly  acid  iu  reaction  (IM). 

Furrier,  tiiice  the  pivcipitate  ia  less  aolablo  in  alcohol  than  in  trater, 
the  aUditiou  of  alcohol  ufteu  hiUit';uii  thu  fomiation  of  the  preci[iitate 
in  dilutu  solutioua. 

Oiriug  to  the  eulnbility  of  the  [ireci|iitatu  iu  water,  very  dilnte 
■olutioni  nitlst  bo  evaporattd  ueurly  to  dryneaa  and  i:oolad,  boforo  the 
teit  ia  s[>[ilioiJ. 

142.  Sodium  hydrogen  tartrate,  HaHT,  if  it  is  added  to 

some  of  the  KCl  solution  in  a  tcattube,  gives  a  white 
oryatailine  precipitate  (KllT).  The  precipitate  usually 
appears  only  when  the  tube  is  well  shaken  for  some  time, 
ufter  the  mouth  of  the  test-tube  has  been  closed  with  the 
thumb. 

Shake  up  the  precipitate,  and  po«r  it  otf  with  the  Uqnid 
into  four  test-tubes. 

Add  to  three  of  these  different  portions,  water,  KHO, 
and  HCl  respectively ;  on  being  shaken  or  wanned  with 
each  of  those  liquids,  the  precipitate  will  dissolve. 

To  the  fourth  portion  add  alcohol ;  the  precipitate  will 
not  dissolve. 

Bemarks, — When  the  above  test  is  u«ed  for  the  detection  of  potia- 
lium,  the  [iTccipitate  will  not  b«  obtained  at  once  in  dilute  saluCiaiu ; 
but  its  formation  ii  much  hastoued  by  the  addition  of  iilcohol.  Very 
dilute  solutiouB  muit  first  bu  concentrated  by  evapuratiou. 

The  solution  to  be  tested  should  be  neutrnl  or  feebly  alkaliivu  v,\  tv.- 
it  is  strongly  acid  in   teaction,  l\i6  tt«*  aji\i  isWvJiJi  \* 
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□eatialiaeil  by  the  odJitioD  of  sodium  carbonate  (Na^OOi)  solutian  ;  or, 
if  the  acid  is  volatils,  it  may  be  removed  by  ovnporatioii.  Faebly-ocid 
solutions  may  be  at  once  mixed  with  NaHT.  To  aa  aUuline  salutton, 
tartaric  ncjd  (HjT)  ahould  be  aUded  Dntil  the  reaction  of  the  liquid  ii 
strongly  acid. 

143,  Plame  Oolonttioii  (112). — Dip  a  loop  of  platinum 
wire,  which  gives  no  colour  to  the  flame,  into  some  strong 
KCl  iiolution;  or  moisteu  the  wire,  and  dip  it  into  some 
finely  powdered  KCl ;  then  hold  the  loop  in  the  flame. 
A  pale-lilac  or  laveiuler  coloration  will  be  seen,  if  the  KCl  ia 
pure.  Even  if  the  flame  appears  yellow  to  the  naked  eye,  it 
will  always  become  deep  crimson  when  it  is  viewed  through  , 
the  thicker  parts  of  an  mdigo-prism  (Exp.  93,  II2)- 

The  flame- col  oration,  due  to  potassium,  shows  in  the  spec- 
troscope a  red  line  (a)  and  a  faint  indiijo-bliie  line  (/3)  at  the 
extreme  ends  of  the  spectrum  (fig.  68,  I16).  A  faint  con- 
tinuous spectrum  is  also  visible. 

144.  Heat  a  little  Solid  ECl  in  a  small  dry  test-tube ;  or 
powder  it  finely,  and  heat  it  on  a  piece  of  platinum-foiL 
The  KCl  will  melt ;  but  it  will  only  produce  slight  white 
fumes,  when  it  is  heated  very  strongly.  This  proves  that 
potassium  salts  are  very  slightly  volatile,  even  at  a  bright  red 
heat. 

The  fused  residue  is  often  transparent  and  invisible ;  but 
its  presence  may  always  bo  iletected  by  a  slight  crackling 
being  hoard,  during  the  cooling  of  the  foil  or  of  the  test-tube. 
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Ahmoniu.m  (NHJ.^Use  Ammonium  chloride, 
NHjCl  or  AmCl. 

145.  Potassium  hydrate,  EHO,  if  it  is  poured  in  excess 
into  some  of  the  solution,  or  upon  the  solid,  and  heated, 
causes  ammonia  gas  to  bo  given  off: — 

HU.Cl  +  KHU  =  NHa-l-KCl-HIj,0. 
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The  ammonia  is  reoogniaad  : — 

(a).  By  its  pungent  smell,  which  is  that  of  common  gmeU- 
iag-gnlte. 

(b).  By  turning  moiatened  red  litmus-paper  blue,  or  tui- 
meric-paper  brown. 

Vi'eX  a  amall  piece  of  the  test-papei  with  distilled  water, 
and  place  it  upon  the  end  of  a  glass  rod.  Then  hold  the 
rod  in  the  test-tube,  taking  great  care  not  to  bring  it  into 
contact  with  the  liquid  or  with  the  sides  of  the  tube.  The 
chaDge  of  colour  mentioned  above  will  take  place, 

(c).  By  yielding  white  fumes  with  an  acid  gas  or  vapour. 
Hence  if  a  glass  rod  or  stopper,  wetted  with  strong  HCl, 
HNO3,  or  HA,  is  hold  over  the  mouth  of  the  test-tube, 
dense  white  fumes  will  be  seen. 

146.  Platinum  chloride,  FtCl^,  when  it  is  stirred  on  a 
watch-glass  with  some  AmCl  solution,  gives  a  yellow 
crystalline  precipitate  (AmjPtCl^). 

This  precipitate  is  eoluble  in  water  and  in  KHO  solution, 
but  is  insoluble  in  alcohol.  If  it  is  boiled  with  KHU, 
NH3  is  evolved,  and  it  is  distinguished  in  this  way  from 
the  similar  potassium  precipitate,  K.,PtG]g.  The  remnrks 
in  small  type  in  paragraph  141  apply  to  this  reaction  also. 

147.  Sodium  hydrogen  tartrate,  NaHT,  when  it  is 
shaken  for  some  time  in  a  test-tube  mth  AmCl  aohition, 
gives  a  wliite  crystaUiue  precipitate  (AmHT). 

This  precipitate  is  soluble  in  water,  in  KHO,  and  in 
HCl,  but  is  insoluble  in  alcohol.  The  remarks  in  small 
type  in  paragraph  142  apply  to  this  reaction  also. 

148.  Flame  Coloration. — Pure  AmCl  gives  no  flame- 
coloration.  But  since  ammonium  salts  almost  invariably 
contain  a  trace  of  sodium,  they  usually  impart  a  yellow 
colour  to  the  flame. 

149.  Heat  a  little  Solid  AmCl  on  a  piece  of  platinum- 
foil.      It  will  'be  converted  into  vapoui  a,Tvd  "x^  Y^^A^ven 
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copions  white  fumea.  These  fumee  are  best  seen  vhea  the 
foil  in  lemoved  for  &  motnent  from  the  flame.  The  solid 
at  last  eatirelj  disappears,  ahowiug  that  AmCl  is  completely 
volatile. 

Repeat  the  experiment  by  heating  a  Email  piece  of  sohd 
AmCl    in  a  dry  test-tube.      The  solid  can   be   completely   1 
volatilised,  and  ita  vapour  condensed  as  a  white  coating  or 
xuhlimaie  on  the  upper  part  of  the  tube. 

Same  ammpnium  salts,  such  as  Che  carboDato  and  the  I 
deooniposed  by  heat  into  gaget ;  they  aro  therefore  volatiliaed  withoqt 
producing  wliito  faiDos  or  a  anbliniate. 


SoDiTTM  (Na). — Use  Sodium  chloride,  NaCl. 

150.  Flame  Coloration. — NaCl  gives  an  intense  yelha 
colour  to  the  flame.  The  colour  is  either  invieible,  or  appears 
only  pale  blue,  when  it  is  viewed  through  the  indigo-prism ; 
it  never  Blu/tex  the  slightest  tinge  of  red  when  it  is  seen 
through  the  thicker  parts  of  the  priem. 

When  the  sodium  coloration  is  examined  by  a  small 
spectroscope,  it  gives  a  single  yellow  line  a  (fig.  68,  I16). 

The  yellow  coloration  of  the  flamo  which  is  produced  by  sodium  » 
niually  readily  aeen.  even  in  \)xf  prosencs  of  other  Hsme-colonitioiiH, 
rince  it  is  not  easily  masked.  In  any  case  the  yellow  B[iectnim  line 
may  alvaya  be  detected,  even  when  mere  traces  of  sodium  are  prese&L 

If  both  potassium  and  sodium  are  present,  the  potassium  colorft- 
ttoo  is  usually  unsosn,  and  the  yellow  coloTatioQ  of  aodiuni  alone  is 
visible.  But  wbt^n  the  flame  ia  viewed  through  the  indi^-prisni,  the 
crimson  coloration  of  potouium  is  at  once  seen  (113,  Kip.  93).  The 
lines  of  Na  and  IC  miy  also  bo  distinctly  s«i>arsted  from  one  another, 
by  means  of  the  speutroscope. 

151.  Heat  a  little  Solid  NaCl  in  a  dry  test-tube  or  on 
platinum-foil.     It  will  melt  without  producing  vrhite  fumes,  | 
and   will  give  slight  fumes   only   when  it   is  heated    veiy  I 
strongly,  showing  that  NaCl  is  very  slightly  volatile  even  I 
at  a  bright  red  heat. 


1 


[152-1C7.] 


GHOUP   v.— MACNKSIUM. 


MAQNKSttTM  (Mg). — Use  Magneaiui 
MgS0^.7HjO. 


I  Bulphato, 


ta  represents  the  aaUr  n/  eryalallUaUon, 
which  is  always  present  in  the  solid  statu  in  the  cryBtallised  salt. 


Tlio  7H,0  i 
which  is  always  present  in  tJie  soua  suco  in  tne  cryBUiiisea  mi 
Water  of  cr jatallisatian  is  ontcrcd  iti  this  way  throughout  the  boofa. 

152,  Add  Ammonium  chloride  (AniCl),  then  Ammoniuni 
hydrate  (AmllO),  and  tlion  Sodium  phospliate,  Na^HFO^ ; 

ft  white  crystalline  precipitate  (MgAmP0^.6H./))  willform  :  — 
MgSO,  +  AmHO  +  Nu.^HPOi  =  MgAmPO^  +  NajSO,  +  II.O, 

If  much  watLT  is  present,  this  precipitate  will  form  only    ! 
wlien   the  liquid  is    warmed,  or  is  well   stirred  or  shaken. 
It  is  Boluhle    in  HCl  and   in  other  acids,  hut   ie  ineoluhle 
in  AmHO. 

153.  Potudntn  hydrate,  EBO,  gives  u  white  precipitate  (MgF,0^,  .1 
trhicli  19  readily  solulila  in  ncida. 

154.  Ammoninm  hydrate,  AmHO,  gives  a  irhtte  preoiintate'] 
(MgHA)  '■  ^"^  >''  -^i'*^!  >»  >')ded  before  the  AmHO,  00  pnciid.y 
tat c  is  proiluced. 

155,  Ammoniam  carboiiftte,  Am^,,  givoa  a  white  precipitata 
(UgCO^),  but  only  in  strong  solutions  aud  on  atanding  for  soma  time. 
The  previous  addition  of  AmCl  preveuto  the  fiiniiation  of  thb  pre- 
cipltKle. 

—Puro  MgSO,  solution  gives  no  eolonr  to   < 


157.  Blowpipe-test.— If  a   little   solid   MgS0j,7H,0  it  1 

placed  in  a  small  cavity  on  a  piece  of  wood- charcoal,  and  ie 
then  heated  in  tliu  tip  of  the  outer  blowpipe-flame  (IIO), 
it  will  shine  brightly  and  will  give  a  white  unraelted  mass 
of  MgO.  No  white  fumes  will  be  given  ofT,  since  MgO  is 
not  volatile. 

If  this  white  mass  is  allowed  to  cool,  and  is  moistened 
with  several  drops  of  cobalt  nitrate  solution,  and  is  then  agam 
heated  to  whiteness  for  some  time  ia  tUa  ovAai  "yw'^'jvij^ 


RKACTJONS   OF  THE   MKTAL8.  [ifiS,  ' 

flame,  it  will  assume  a  delifote  pink  folmtr.  Tliis  colour  will 
be  readily  seen  when  a  piece  of  white  paper  is  held  near  the 
cold  residue  on  the  charcoal. 


Dbtecteon  op  (Jnb  Metal  in  Group  V.,  when  it 

OCCURS   ALONE. 

The  Detsetion  of  a  Single  Hetal  leads  the  beginner  tiy  easy  sbi^ 
to  the  detection  of  motala  in  the  preeenco  of  one  another.  But  tl 
(lir«ctionii  for  the  detection  of  &  single  mptal,  which  follow  the  re- 
dctions  in  esch  Group ;  and  t)ie  wholu  of  Section  V.,  which  is  concerned 
with  the  Analjsia  of  Simple  Salts,  maj  be  omitted,  if  time  most  be 

After  the  student  has  carefully  worked  through  the  re- 
actioriB  for  the  metals  in  the  Fifth  Group,  he  should  proceed 
to  apply  the  experience,  which  lie  has  thus  acquired,  to  the 
detection  of  one  metal  belonging  to  this  Group. 

For  this  purpose  a  salt  which  contains  only  one  of  these 
metals  should  be  supplied  ;  and  separate  portions  of  the 
salt,  or  of  its  solution  in  water,  should  be  subjected  to  the 
toate  which  are  given  in  the  first  column  of  the  following 
Table  of  Differences  (l6o). 

158.  Explanation  and  Use  of  the  Table  of  Differences. — 

A  glance  at  this  Table  (160)  will  sliow  that  those  testa  have 
been  selected,  which  servo  to  distinguish  the  metals  of  this 
Group  from  one  another,  The  order  in  wliicli  the  testa  are 
placed  is  that  which  will  best  serve  this  object. 

It  will  be  evident  that  it  is  never  necessary  to  try  the 
whole  of  the  tests  wpou  any  one  substanoe.  The  presence 
of  the  metal,  when  it  has  been  detected  hy  one  test,  should, 
however,  be  confirmed  by  another  test  selected  for  lliat 
purpose.  Tlie  third  and  fourth  tests  are  also  manifestly 
alternative  ones,  the  use  of  NallT  being  generally  preferred 
to  that  of  PtCl,  for  economical  reasons. 

A  selection  is  made  from  the  first  four  testa  in  examining 
a  liquid.  A  solid  substance  should  lie  first  subjected  to  the 
fifth  and  sixth  tests ;  and  a  portion  of  the  solid  should  then 


I 
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water,  and  the  solution  examined  by  the 
earlier  tests. 

As  each  test  is  made,  the  result  which  it  yields  is  care- 
fully observed.  Occasionally  no  cliange  is  noticed  ;  this  is 
indicated  by  a  blank  in  the  column  to  the  ri(;ht.  If  any 
result  ia  noticed,  it  is  looked  for  in  the  coluranB  to  the  right ; 
it  will  indicate  the  presence  of  that  metal,  which  heads  the 
oolunui  in  which  the  result  stands. 

Sodium  is  seldom  entirely  absent  from  any  substance. 
The  quantity  present  may  be  judged  from  the  intensity  of 
the  yellow  Home -col  oration.  Unless  the  coloration  is  very 
intense,  the  presence  of  a  trace  of  sodium  should  bo  noted 
down,  and  another  metal  should  be  looked  for. 

Tiie  student  will  naturally  take  advantage  of  the  aid 
afforded  by  the  spectroscope  in  examiniiig  the  flame-colora- 
tion (II3-I17). 

Several  simple  unknown  salts  of  the  metals  of  Group  V. 
should  be  examined  by  tI)o  Table  {160),  and  the  results 
obtained,  together  with  the  inferences  drawn,  should  bo  care- 
fully entered  in  the  note-book. 

159  Example  of  Entry  in  the  Note-book : — 

11  to  lie  testpJ  for  ono  mctsl  ill 


Id  iiart  V  lAf  n 
B   loup  In 

A     ysUow      praclplUte  I  Pnirnoe  of  K. 
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l6o.  Qboup  V. — ^Tablh  op  Diffbrbncbs. 


Tni'i. 

K— .». 

jnir-«iu- 

N.^». 

Mg-«lt., 

/■er«I«(i™. 

Klmion : 



KB,    lU  gl™, 



Coolinn        W 
■ddlag     And, 
Amkb,       Hid 

mmlng    msnt 

RuniBlobnim; 

N»,HPO„  lo  • 

danH        Willie 

f«.h   i««    o( 

tooie*         wllh 

Uk       iHliitloa 

■  lron<  HCI 

(U-1) 

1,  HW    hi    Itao 

raL,iaacM>«- 



/■irnii       rllliv 



which     »pii«rs 

Buns,      which 

oniriom  tiU- 

jj^    „d«„. 

or  rnl  through 
ths         Indigo- 
prim. 

Ttflow     erntiil- 

"mtkt  rilKhtly 

Um  preclpituc. 

Use  piwipltaw, 

odd  with  di- 

(onn.    onl)-  In 

(or™  onlj   In 

.tfong       «lB- 

MnnR       »lii- 

•Ur-tsoroi^,: 

■"" 

4.  Adit  NtHT  uid 

WhlutsrriUIUDa 





■hikonalh 

ptWlpUMo      ta 

UoDL 

rtrioHdimiy. 

K[ni-T<<l>tl]s.  nn- 

(Jm-iotallla 

B«M  In  ■  dry 

jmnco     i>M»e., 

Icil    henlBl    m 

taUlube,<ir«n 

brlglit  redDOH. 

tl  leut  I«ltol- 

brlghlndnM., 

ptadnimfoih 

wtdlo      fum«, 
ODd     foniu     a 

tta   app«  piul 

1.  HdU  »trorKly 

tuny      fuibls. 

\».C«' 

Kwlly     (Mlble, 

Whil.    rnrmlM, 

.InfclnBlnlolhD 

rrUdu.  1*  hit. 

chuccal.     lad 

which  It  mnUt- 

Fll»-flii«: 

tolonSTg     Ih. 

Cc(NOii,  Mln- 

(S«3.) 

r^».  ts«J.) 

b«Udb«c<mH> 
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Dbthction  of  Mbtalb  IK  Group  V.,  whbb 

TH8T   OCCUR  TOOETHBR, 

Paragraphs,  the  uumliorB  of  which  are  mnrked  with  an  asterisk  (*), 
may  be  omitteil  by  studouta  irha  am  learning  the  analysia  of  Simple 
Salts  only. 

161*  When  more  than  One  Metal  of  the  Fifth  Group  is 
present  in  the  substance  to  be  examined,  the  possibility  of 
interference  in  the  reactions  orises.  It  should  be  remem- 
bered, however,  that — 

1.  NH,  may  always  bo  detected  by  the  evolution  of  NH, 
vhen  the  aUbatance  is  boiled  with  KHO  Bolution. 

3.  ^a  can  always  be  found  by  its  yellow  flame-coloration. 

3.  Mg  ie  indicated  with  certainty  by  its  precipitation  by 
KHO  solution,  and  hy  Na^HPO^  in  the  presence  of  AmCl 
and  AmHO. 

4.  K  may  always  be  found  by  the  Hame-col oration  appearing 
erimeon  when  it  is  viewed  through  the  indigo-prism,  or  by 
the  red  line  in  its  spectrum. 

5.  The  teet  for  K  by  means  of  PtCI,  or  NaHT  is  only 
conclusive  in  the  absence  of  NH^.  If  NH^  is  present,  its 
salts  must  be  removed  by  ignition,  before  K  can  be  tested 
for  by  precipitation. 

ife*  The  student  should  proceed  to  examine  hy  the 
following  Table  (163)  several  solutions  of  unknown  com- 
position, containing  two  or  mure  metals  of  this  Group, 
Only  one  of  the  oheervations  which  are  recorded  against  each 
teat  will  be  made.  In  future  Tables  the  bracketed  para- 
graphs, wliich  concern  the  absence  of  the  metals,  will  be 
omitted ;  but  the  student  ahould  invariably  enter  his  nega- 
tive results,  together  with  the  inferences  which  he  draws 
from  them. 

The  experimente,  observations,  and  inferences  should  bo 
entered  in  the  note-book  fully  in  the  form  shown  in  the 
Table  {163). 
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163*  Tahi^  for  testixq  for  Mg,  K,  Na,  NH^  in  i 

aOLUTlON   WHICH   MAY    CONTAIN   ALL  OF  THKH.  


Add  lo  ■  tmtli  MR  o[ 
'  nllO  ind  NijlirO, 
nind  II  no  pmUplUU 


III.  BaD  (ome  ol  tht  ■ 


I.    A    wUu     pncl|>lUM 
[3.  No  imxlplUtfl  >p]i«»n.] 


ir  li  liDpirtm 


PnMDH  ol  He. 
[AbHBBS  ot  Mg.l 


(AbHTiHi  oI  E  uid  Haj 


[t.  No  SB,  U  imclt.  ud 


'  PiKKOce  of  NU,. 
[AbwaM  or  KBi.) 


0  dryDen  In  ft  porroUln  dBhi  tenpe 
St  tie  DhlLg  nbiunu  IsIC  Id  tlu  dlili, 
nd  hcU  It  ■troDcl]'  on  ■  pleM  ot  pIiU- 
ttD-roD  ft>  long  u  vtj  wliltfl  fninHi  nn 

ikn  out  of  the  fluiic  for  u  Itutuu. 


ntdl-glui.HU  ■  Uttlo  PtCl,,  uiMIr 
*  Tilla*  prMlpUato  i— T^miu  b/X, 


tbelm  ba  pRHBt.  Um 
dlluie  to  allow  tlic  pradpliale  Id  lonni 
UlDrBfon  pour  aome  of  ths  aolnlloD  hiU 
a  poiVfllaln  dlili,  hoa  down  neatly  f  dry- 
n«.  twi  and  Isit  thli  llqvM  by  ■if—' — 
II  wllb  FiCU  00  a  «alck-|laH.  u 
-I— b.i  I*  ,!,_  — --^pluH,  dDu  not  ■! 
pndpluic :— JVe 

■OLfrequentl/ 
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Re&otions  op  the  Barer  Metalb  in  Group  V. 

The  ruror  metolfl  iDcluiied  iii  tliis  Group  ara  Li,  Bb,  Ca. 

LiTHiDU  (Li).— Use  Lithium  chloride,  LiCL 

164.  Li  occurs  frequeotly  in  miueral  waters  and  in  the  ashes  of 
plants,  also  in  small  qunntities  iu  the  minerula  lapidoUtc,  Iriphaoc, 
mud  [letallita. 

It  is  Mini  to  the  motaU  of  tho  Barium  Group  by  the  dilGcult  solu- 
bility oE  its  carbonsle  snd  phnaphnte ;  and  it  dilTers  fiuni  E  anil  NH, 
by  not  being  precipitated  by  PtClj  or  hy  HjT :  troni  Ni  it  is  readily 
disdngiiisliod  by  its  flame -co  laration  nnd  apoctrum. 

LiCl  luay  be  separated  froDi  EOl  and  NaOl  by  its  insolubility  in  a 
mixture  of  absolute  alcohol  ntid  ether. 

165.  Sodlnin  phoaphate,  KogEPO^,  if  it  is  added  to  the  solution, 
which  must  not  be  too  dilute  Bud  must  be  mnde  strongly  alkaline  with 
NaEEO,  vill  pre,  on  boiling,  n  irliite  crystalline  precipitate  {Li,POi) 
Which  settles  quickly.  Traces  of  Li  may  be  precipitated  by  adding 
F«^POu  and  theu  NaHO  untU  the  liquid  remains  alkaline,  evaporal- 
ing  to  dryness  nnd  washing  the  rvniduo  with  dilute  AmHO. 

This  predpitato  may  bo  distiiiguisliod  from  tho  phoaphntes  of  Ba, 
Sr,  Ca,  and  Mg  by  beating  it  on  charcoal  in  the  blowpipe- lis  me,  whuu 
it  will  toadily  fnae,  and  be  absorbed  by  thu  charcoal  supiiort.  The 
dilaltHl  cold  solution  of  LigPO^  in  HCl  also  gives  no  precipitate  when 
AmHO  in  added  in  excess,  but  a  white  crystalline  prcoipttalo  forms 
when  the  liquid  ia  boiled. 

166.  FUme  Coloration :  this  is  earmivK-rei ;  the  spectmm  (Hg.  68, 
116)  conmsta  of  an  intense  carmine-red  lino  (a). 

The  flame-coloration  ia  concealed  by  that  of  Na  ;  but  the  presence 
of  Na  does  not  interfere  with  the  spectrum.  The  Nn-coloration  is 
nmoved  if  the  flame  ia  viewed  through  tho  thinner  parts  of  the  prism. 

The  lithium  flame-coloration  differs  from  that  given  by  E,  bj 
being  either  unable  to  penetrate  tho  thick  layers  of  indigo-solution,  or 
by  being  much  lessened  in  intemiity  by  paf&sge  through  the  indigo. 

Lithium  silicate  only  gives  the  flame-coloration  after  it  has  been 
fused  with  CaSO, ;  lithium  phosphate  reiiuires  to  be  flmt  moistened 
withHOl. 


Bubidiuu  (Eb),  Cjujium  (Cs).— Use  BbCl  and  ChCI, 
Tho  niotals  Bb,  Oe  occur  in  small  quantltius  in  some  mineral 


of  Bb  and  Cs  resemble  tliQBi!  q' 


lb.  \>^  \ie\\i4\itK-;v",;\- 
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tated  by  PtCl4  and  by  HqT,  and  by  giving  a  flame-coloration  similar 
to  that  of  E. 

These  metals  differ  from  K  by  the  greater  insolubility  in  water 
of  their  platino-chlorides.  E^PtClK  can  be  dissolved  away  from 
RbsPtClg  and  CsgPtCle  by  boiling  the  precipitates  with  successive 
small  quantities  of  water.  The  alums  also  show  a  similar  difference 
iu  solubility  in  cold  water. 

168.  Flame  OolorationB.— The  flame-colorations  given  by  these 
metals  are  not  distinguishable  from  that  given  by  E.  Cs  and  Rb  are, 
however,  readily  distinguished  from  one  another  and  from  other 
elements  by  their  spectra  (flg.  68,  1X6).  The  blue  lines  (a,  0), 
given  by  Gs,  are  especially  distinct  and  characteristic.  In  the  Bb- 
spectrum  the  indigo-blue  lines  (a,  fi)  are  very  distinct,  but  the  red 
lines  (y,  8)  are  most  characteristic.  The  chlorides  are  the  most  suit- 
able salts  for  the  spectroscope  test. 


Detection  op  Li,  Rb,  Cb  in  Analysis. 

The  metals  li,  Rb,  Gs  are  most  readily  detected  in  this  Group  by 
means  of  their  s^jectra. 

For  the  detection  of  those  metals  in  the  ordinary  course  of  analysis 
refer  to  the  fifth  column  of  the  Table  in  paragraph  1090. 


189-176,]                     GROUP   IV. — BARIUM. 

^ 

GROUP  IV.-BARIUM  GEOUl', 
169,  This  Group  iucludea  Ba,  8r,  Ca. 
Those  metala  liiffor  from  tlioso  of  Group  V.  by  boing 

They  «rB  not  precipitntod  by  any  other  Oroup-ruogenL 

ate.  and  aa               ^M 
n,  uUloiide.               ^M 

Barium  (Ba),— Use  Barium  chloride,  BaCl.^.SH^O.                    ^H 

170.  Ammouiuin  carbonate,  Am^CO„,  oddorl  after  AmCI,            ^| 
UUBca  a  white  precipitate  (BaCO^j),     This  precipitate  ia  at            ^H 
first  HocQulont ;  but  it  sbwly  shriuka  in  voluiuu  and  becomes            ^H 
eryataUiue,  if  the  liquid  which  coatainB  it  is  goutly  heated           ^H 
md  is  then  allowed  to  stand.     Prove  that  this  precipitate  is            ^^M 
Boluhle  ill  acetic  acid  (IlA).                                                                      ^M 

causes  a  heavy  white  precipitate  (BaSO^),  which  in  iueoluble              ^H 
io  HUl,  even  wben  the  Uquid  is  boiled. 

172.  Potassinm  chromate,   K,CrO^,   added    after   some 
HA,  produces    a    yeUow    precipitate    (BaCrOJ,    wliich   ia 
lolublo  in  warm   HCl,  but  differs  from  SrCrO,  by  being 
insoluble  in  warn  HA. 

reoipil4to  (B»3iF.).      Tlio    precipiUUj   Jobk    not  sppew  iu   iilute              ^H 
llutions  nntil  after  some  time  ;  iU  formation  u  hustsned  by  boiling,               ^H 
kkitig,  or  Htitring  the  lii|uiil,  or  by  aildinj;  iikoliol,     HjSiFg  jioldB  no               ^H 
ireuipitates  with  Holutious  contaiuing  Sr  or  C4.                                                      ^H 

174.  Junmooium  oxalate,  Am.jO,0„   |iroUuces  a  white  precipitate               ^H 
175  Flame  Coloration:   BaCln  gWes  a  ^cWqw&V-^t&^-o.          ^H 

KBACTI0K8   OF  THE    METALS.  [l7S-161,] 


colour  to  the  llame,  which  is  visible  through  the  indigo- 
prism. 

The  bariiim-9]iectrum  (lig.  68,  It6)  consists  of  a  number 
of  lines,  the  most  characteristic  of  which  are  tliree  green 
lines,  a,  ^,  y. 


Strontiuh  (Sr).— Use  Strontium  nitrato,  Sr{NOj),j.4H.jO. 

176.  Am„GO^,  arldod  after  some  AmCl,  gives  a  white  pre- 
cipitate (SrCOj),  which  ia  soluble  in  HA.  Tliiu  precipitate 
is  flocculunt  ut  Grst ;  but  it  gradually  becomes  crystalline  and 
Ehrinks  very  considerably  at  ordinary  temperatures,  and  more 
rapidly  when  it  is  heated. 

177.  CaSO^,  or  H^SO^,  gives  a  white  precipitate  (SrSOJ. 
This  precipitate  docs  not  usually  form  in  a  cold  solution  at  I 
once,  but  only  after  some  time,     The  precipitate,  however, 
a2ij>farA  at  wiee  witen  the  liijuid  i»  hoUeit. 

178.  KjOiO,,  adJed  aitet  soniv  HX,  cauaea  do  jir«cipiUl«,  kinM'J 
SrCrO.ia  soluble  in  HA. 

179.  ^mjifit  producBa  a  white  |)red[>LUlu  (SrC,0,). 

180.  riame  ColoratioD :  crimaon-red;  this  colour  appeatti 
itUenm  red  through  the  indigo-priam,  unless  the  flame-coloro-  T 
tion  is  very  faint. 

The  strontium-spectrum  contains  many  lines  (fig.  68,  116)4 1^ 
The  tnoBt  characteristic  are  the  orange  line  (a),  the  red  Iinn4 
W<  y)i  "-^^  tli8  blue  line  (S). 


Calcium  (Ca). — Use  Calcium  chloride,  (^aClj.eiljU. 

181.  Aia,COg,  added  after  AmCI,  gives  a  white  precipitate 
(CaCOj),  which  is  soluble  in  HA.  This  precipitate  is  floccu- 
lent  at  first ;  but  it  shrinks  considerably  and  becomes  crystal- 
line after  a  time,  more  rapidly  when  it  ia  gently  heated. 


ip83-187.]  GROUP   rv. — CALCIUM.  12 

182.  CaSO, :    no   precipitate,    evea    when    the    liquid 
gUowod  to  stand,  or  U  boiled. 


183.  HjSO, :  a  white  precipitate  (Ca80^)  forma  at  once  in 
atroDg  solutions,  and  often  tn  weak  solutioiiD  when  they  are 
boiled  ;  but  some  CaSO^  will  alwajs  remain  diasolved,  since 
it  is  not  quite  insoluble  in  wator. 

Prove  this  hy  boiling  the  liquid  which  contains  the  preci- 
pitate, and  then  filtering  it.  Then  keep  adding  AmHO  to 
the  nitrate,  and  stirring  it,  until  a  drop  of  tbo  solution  turns 
turmeric  paper  brown,  and  the  liquid  sraeJle  of  NH^.  Then 
add  Am.^CoO, ;  a  wiiite  precipitate  will  form,  showing  the  pre- 
Bonca  of  Ca  (185)  which  must  have  been  dissolved  ae  CaS04. 

184.  K.,ClO, :  no  preoipitale, 

185.  AlUgCjO^:  white  precipitate  (CftC,_,OJ,  soluble  in  most 
acids,  but  insohible  in  HA  and  in  oxalic  acid  (H^CjO^). 

186.  Flame  Coloration :  yellowish-red.  When  this  colora- 
tion is  viewed  through  the  indtgo-prism,  it  doen  not  appear 
red,  and  diftera  in  this  respect  from  that  given  by  Sr. 

In  the  calcium-spectrum  (fig.  68,  I16)  the  most  character- 
istic lines  are  the  green  line  (ji)  and  the  intense  orange 
line  (a). 


Dbtbction  op  Osh  Mhtal  i.f  Group  IV.,  whbn  it 

OCCUUS   ALONB. 

187.  The  following  Table  of  DifTerences  will  serve  to 
detect  a  single  metiij  in  Group  IV.,  when  al!  other  metole 
are  obsent.  i'or  an  explanation  of  the  method  of  using  the 
Table,  the  remarks  on  tlie  use  of  the  corresponding  Tublo 
for  Group  V.  may  be  consulted  (158V 


ESACTIOSS   OF  THE   METALS, 


[18^*: 


Group  IV. — Table  op  Difpkrbsobs. 

The  first  thrco  tests  only  need  ix  iised  for  the  detection  of  a  raenibw    ^ 
of  thiq  Group  when  it  occnrii  by  itself  in  aolntion  :  the  fint  tiist  survei 
nlso  for  Bolidfl. 


The  11  ame -co] oration  obtainsd  i; 
spectroBCOpB. 


Exp.  1  should  be  examiued  by  tliB 


Terti. 

Bt'BilU. 

Sr-ultL 

Hon: 

Or«>Dlrt>.^lo*. 

InUnK       crtmion, 
■piwnring     on»^ 
Km   through   Hie 
Inrtlgo-priim. 

Ycllowlih-red. 
tho       ind^o- 

i.  CaSOt    Id  did 
to     the     cord 
aolntluo : 

An  Immediate  pru- 
clplUle. 

A    predplUte    ai^ 
penrtdg  only  after 

exe^n'boll. 
lag. 

»,  K=CrOi.dded 

u«  „„..  .„. 





[*.  H^HTjiddBd: 



1 

Id  eii;eu  ud 

«s»«sr- 

EMirilv       preclpl. 

PoriMlv  pre- 
el|>lUUd      w 

Sbpahation  akd  Dbtbction  dv  tub  Mbtals  is  Gboup  rv., 

WHEN  TlIHl'  IWCUK  TOtiETUBH. 

l88.*  The  following  Differences  preBonted  by  the  solu- 
tions of  these  metals  are  made  use  of : — 

1.  Their  different  flame-coloration  a,  which  are  examined 
if  necessary  through  the  indigo-prism,  aud  hy  means  of  the 
spectroacope. 

2.  The  difference  in  the  behaviour  of  their  solutiona  with 
GatSO,  solution,  which  at  once  indicates  the  presence  or 
Bbeence  of  Da,  or  of  Sr  in  the  absence  of  Ba. 
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3.  The  insolability  of  BaCrO,   in   HA,  and   hence   the 

possibility  of  separating  Ba,  if  present,  by  adding  HA  and 
then  K„CrO,. 

4.  The  fact  that  Sr,  but  not  Ca,  can  be  precipitated  by 
CaSOf  on  boiling.  Tbis  reagent  will  therefore  indicate  the 
presence  of  Sr  in  the  absence,  or  after  the  ecparation,  of  Ba. 

5.  The  complete  precipitation  of  Sr,  if  present,  by  boil- 
ing the  Eolution  with  H.,30j ;  sufficient  CaSO^  still  rema 
ing  in  the  filtrate,  to  give  a  precipitate  on  the  addition  of 
Am^CjOj  and  of  AmHO  in  escess. 

i89-*  A  Solution  which  has  to  be  Examined  for  Ba,  Sr, 

and  Ca,  and  which  can  contain  only  these  substances,  is  first 
mode  alkaline,  if  it  is  not  already  so,  by  the  addition  of 
AmHO  in  exceaa  (103). 

Am^GO^  is  then  added ;  and  the  addition  of  this  reagent 
is  continued  as  long  aa  it  causes  any  further  precipitate, 
after  the  liquid  baa  been  warmed,  stirred  well,  and  allowed 
to  settle.  The  liquid  is  then  mtered.  A  little  more  Am.^CO^ 
is  added  to  the  clear  filtrate,  and  if  this  causes  any  further 
precipitate,  more  Am.;C(J„  is  added,  and  the  liquid  is  again 
poured  through  the  same  Jilter. 

.\s  soon  as  the  filtrate  gives  no  further  precipitate  with 
Am.jCOy,  all  the  metals  of  this  Group,  which  were  present 
in  the  solution,  will  have  been  precipitated  as  carbonates, 
and  will  remain  on  the  filter  after  the  filtration  of  the  liquid. 

The  precipitate  is  then  examined  by  Table  lY.  (103% 
1033),  or  by  the  aimpler  Table  IV^.  (1034). 


BKAonoHs  at  TBI  urrus. 


GROUP  m.— mON  AN1>  ZINC  GKOUPB. 

The  Group  includes  Al,  Fe,  Cr,  Zn,  Mn,  Ni,  Co,  together 
with  the  rarer  metaia  U,  In,  Be,  Ti,  V,  Zr,  Ce,  Ta,  Kb.  La, 
Di,  Y,  E,  Th.  It  is  ooiivenieutly  sub-divided  into  Group 
III.A.  and  Group  Ill.fl. 

The  reactions  of  the  rarer  metals  ure  given  in  paragraphs 
243-276. 


GROUP  II1.A.— IRON  GROUP. 
19a  This  Group  includes  Al,  Fe,  Cr. 

The  members  of  tbis  Group  dilfer  (toni  those  of  Groups  Ill.n.,  IV,, 
and  V.  by  being  precipitated  from  their  solutions  by  AmIlO  after 
the  additioD  of  AmCl.  Tliey  are  not  procipitated,  buwDvai,  by  tlia 
group-reagenta  for  Groups  II.  sud  I.  Tbia  Omiip  ia  nlao  precipitated 
b;  AnitS,  ur  by  H^S  added  to  tliu  alkaliou  salution. 

Group  III.A.  furttier  diders  from  Group  Ill.B.  in  bvitig  uompletsly 
precipitated  by  adding  BaCO,  shaken  up  with  water.  Thia  ri'sgout 
■florda  tbe  moat  perfect  menus  a(  eeparating  these  two  Sub-gi-unpn  from 
one  anotber. 

Tlie  members  of  Group  III.A.  Hhow  no  characteristic  Bame-colori- 
tjons ;  but,  witb  the  exception  of  Al,  tliey  impart  a  charavttnstic 
colour  to  the  borax-bcod. 


I 


Aldhiniuu  (Al). — Use  Aluminium  sulphate,  Al.j(SO^)a. 

191.  AmHO:  white  flooculent  precipitate  (AljlI^.O^),  which 
is  seen  best  after  the  liquid  has  beet)  boiled.  It  is  soluble  in 
HCl,  and  in  HA,  and  is  slightly  soluble  in  AmHU  in  the 
absence  of  AmCl ; — 

Ali,{SU,)B  +  6AmH0= AIjH^Ob  +  SAm^SO^ . 

192,  KHO  added  in  very  small  quantity:  wliite  floccu- 
lant  precipitato  (Al^UaOo)  Boluble  in  excess  of  KHU.      Add 
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dilute  HCl  gradually  to  part  of  the  KHO  solation  of  the 

preciipitate  until  the  liquid  is  neutral  j  the  Al^H^O^  is  repre- 
cipitated.  If  more  acid  is  added,  the  precipitate  dissolves, 
but  it  reappears  when  AiuHO  is  added  in  slight  excess. 

From  another  portion  of  tiie  KHO  solution  of  the  preci- 
pitate, the  Al.HpO,,  may  be  reprecipitated  hy  the  addition  of 
Bulificient  AmCl  solution. 

193.  Ammonium  sulphide,  Am^S :  the  same  precipitate 
(AljHuOn),  H;8  gas  being  evolved,  or  remaining  dissolved  in 
the  liquid  ; — 

Al;{SOi)g  +  3Am._.S  +  6H3O = AIsHgOn  +  SArngSOj  +  3HjS . 

194.  Blowpipe- test.— Heat  some  solid  Al„(SO,)g  on  char-   j 
coal   in    the    outer    blowpipu-flame :    then   moisten   it,  after 
cooling,   with    Co(NO.,)j  solution  and  again  heat  it  in  the 
outer-flame ;  a  fine  Hue  •ma»B  will  be  obtained. 


Iron  (Fe). — Use  Ferric  chloride,  Fe^Clfl,  and  Ferrous 
sulphate,  FeSO,.7H30. 

Ferric  Mlta  arc  ustutly  yelloir  or  reddisb-jrollow  \a  colour, 
FarronB  salts  .are  usuallf  polo  green  if  tbej  arc  hydrated,  but  nhlte  if 
llii-y  are  perfectly  unhyilrouB. 

Use  FcjClfl  solution  and  FeSO^  solution  for  reactions  I96- 
198;  and  solid  FetjO^.TK^O  for  199  and  20O.  In  pre- 
paring FoSO^  solution,  crush  d  crystal  of  the  solid  substance 
and  sliake  it  in  a  test-tube  with  ixiUl  water. 

195.  Too  olanes  of  Iron  compauDda  lun  known,  wbich  diffur  in 
■PimrantH  and  in  properties  aod  beliave  differently  with  reagents. 
Tliiiy  are  distinguinhed  aa/efroiM  anAfenic  Dom pounds  reapoc lively. 

Ill  the  former  daaa  tho  metal  may  be  termed /erroium  (Ke"),  nnd  in 
the  l»tl«r  ferricura  (Fe"').  The  dashes  following  the  symbol  denote 
lliH  uambsT  of  CI  atoms,  or  tbeir  equivalent,  wbich  are  combined  with 
one  atom  of  Fe  lu  its  comjunndH, 

It  is  uniisl  in  stating  aanlyticsl  results  to  mention  in  which  si 
CO tulii nation  the  iron  exiHts,  and  therefore  si 
described  below. 


134  HEA0TI0N8  OF  THB  MBTAL8.  [196-199.] 

The  whole  of  the  reuitioDB  of  ferrous  compoDniii  &ra  not  given, 
bECBuse  Fe  is  &ltFB;s  aeparated  &nd  detected  in  the  Doar»e  of  nnslyns 
as  a  ferric  compound,  and  ferrous  compounds  are  aubaequeotly  teat«d 
for  by  trying  spccinl  tests  upon  the  original  suhatsnco. 

Ferrous  compounds  are  readily  converted  into  ferric  compounds  by 
boiling  them  for  a  short  time  with  &  little  strong  HKO),  or  witfa  BCt 
and  a  erysUl  of  KCIO,. 

Both  cliuises  of  coinpoundB  give  tli»  same  result*  in  the  lilowpipe- 
rewtions  (199,  aoo). 

196.  AmHO,  or  KHO :  with  ferric  salt  a  reddish-brown 
flocciilent  precipitate  (Fe^HgO,,),  insoluble  in  KHO,  soluble 
in  HCl:  with  ferrous  salt  a  dingy  green  precipitate,  ulti- 
mately turning  to  brown  Fe.,H„Oa  on  exposure  to  the  air. 

197.  Am^.S :  a  black   precipitate  (FeS),  which  is  mixed 

with  while  sulphur  in  the  case  of  ferric  aalta  :— 

FajClfl  +  3AnL,S  -=  2FeSTS  +  6AmCl . 

FeS  ie  aoluble  in  boiling  acids,  but  is  insoluble  in  KHO. 

In  very  dilute  iron-solution  a  green  colour  only  is  pro- 
duced at  first  by  Am^S,  but  black  FeS  separates  after  the 
liquid  has  stood  for  aome  time  or  when  it  is  boiled. 

198.  Hydrogen  sulphide,  H^S,  either  passed  as  gas  into 
the  solution,  or  added  as  H^S- water,  gives  a  black  precipitate 
(FeS)  when  the  iron  solution  is  subsequently  mixed  with 
excess  of  alkaline  hydrate. 

In  neutral  or  acid  solution  of  ferric  salt,  sulphur  is  preci- 
pitatcwJ  and  the  ferric  salt  is  converted  into  ferrous  salt ;  the 
colour  of  the  solution  therefore  changes  from  yellow  to  pale 
green :  this  change  of  colour  is  visible  in  a  strong  aolution, 
after  it  has  been  boiled  and  filtered  : — 

Fe„Clo  -h  H,S  =  2FeCl„  +  2HC1  +  K 

igg.  Heated  with  Solid  Sodium  carbonate  (Na^GOg)  on 
Charcoal  in  the  inner  blowpipe-flame,  a  solid  iron  com[H>und 
Jeaves  a  grey  powder  of  metallic  iron  (IIO).     This  is  aepa> 


I 
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rated  by  lavigation  (ill),  and  is  shown  to  be  tnagnetto  by 
being  attraoted  when  it  ib  touched  under  water  with  the  end 
of  a  magnet,  or  with  the  point  of  a  magnetised  knife-blade. 

200.  A  Borax-bead  (loS)  containing  Fe  is  reddish-broien 
while  hot,  and  yellow  wlion  cold,  after  it  has  been  fused  in 
the  outer  blowpipe-flame :  after  fusion  in  the  inner-flame  it 


Further  Distinctive  tbsts  fob  Fbbbous  and  Fbbrio 

SALTS. 

301.  For  tbeso  tpsts  tha  Fe  aoliUion  shoiikl  first  bo  acidified  by  the 
rulditioD  of  acTersl  dropH  orililtite  HCI. 


I 
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Itucmta  U  bi  added. 

yerrte-KlM. 
(UieFcjCI,iolwfm.J 

ICaeroSOjwlutloB.) 

lUn  blue  "  { UiHilabla  Id  UCI, 
UHl  InmDil  trovD  by  KUO. 

So  pr^^laU  :  tha  aolntioii 
darkenn,  bul  ii  Han  tn  eon- 
lain  00  piedpluu  Kbau  it 
luu  been  dllnted  wllb  wal«. 

Bto«(-ml  eoionrtion :  nD  preci- 
pluu  la  produead.  itu,  Uqald 
bains  pertecEly  clear  on  dlln- 
Uun;  IhacolDarlil  ImiaBll- 
■telj  dtBtroyed  »bao  aereral 

■nd  b»  HA. 

It  «ill  ba  seen  that  the  aJditton  of  KOH  or  of  AuOH  (196}  aliui 
■crves  to  distinguish  forrouB  from  tertia  aalt,  when  those  salts  tre  not 
pTeseDt  togother. 


REACTIONS  OF   THE   UKTALS.  [202-304.] 


CeHOMiPH  (Cr).— Use  Chromo-alum,  CrK(SOj)3,12H,Oi 
which  contains  Crj{S0j)3. 

Chromic  aalta  &re  usually  bluUU-green  or  violet  in  colour. 

BemkTkl. — Chromium  Torms  t<ro  classes  ot  compounds,  lu  on 
clus  chrotiiium  in  combination  witli  niygen  acts  as  au  acid-raJicle. 
This  class  inclml^  the  chromates,  whtcli  arc  usually  yollotv  or  reddish 
ia  colon  r. 

But  obrominm  kIso  forms  a  scries  of  salts  in  nhieh  it  acts  as  a 
metallic  railicU ;  thcac  arc  usually  green  or  violet,  and  give  the  abovs 
reactions  for  Cr, 

The  chromium  salts  pass  by  oiidstion  into  chromntes  in  reaotiona 
a04,  aD6,  whore  the  oxidation  is  caused  b;  PliOg  and  by  KNO,  le- 
spectively. 

Cbroniatca,  on  the  other  hand,  pass  by  reduction  into  green  chromic 
compounds  ;  examples  of  thin  change  irill  be  found  nnder  the  teats  (or 
clii-oin!itfs(592). 

202.  AmHO:  pate  bluish-green  or  ptiqile  precipitate 
(CrjIIflOo).  If  AmHO  is  added  in  large  quantity  and  the 
liquid  ia  heated,  some  of  tlie  precipitate  will  dissolve,  produc- 
ing a  beautiful  violet-red  solution.  The  colour  of  the  liquid 
is  beat  seen  after  the  precipitate  has  been  removed  from  it  by 
filtration.  From  this  red  solution  the  Or^HrtO,,  is  reprecipi- 
tated,  when  the  liquid  ia  boiled  for  several  minutes  in  a 
porcelain  dish. 

203.  KHO,  if  it  is  added  in  email  quantity,  gives  the  same 
precipitate  (Ct^U^O„).     If  more   cold   KHO   is   added,  the 

precipitate  is  entirely  di^olved  to  a  green  Suid.  When  this 
liquid  ia  diluted  with  water  and  then  boiled  for  several 
minutes,  the  Cr.jHgO,-,  ia  reprecipitated,  and  the  liquid  be- 
comes colourless.  When  AmCl  is  added  to  the  KHO  solu- 
tion, the  Cr.,HuO,;  is  also  reprecipitated. 

204.  Jieod  peroxide  (PbO,),  01  Eed  lead,  may  be  added  to  the  green 
liquid  which  has  been  obt-iiiied  by  adding  KHO  in  excess  to  the 
chromium  solution  (303).  When  this  1i<iuid  is  boiled  with  the  lead 
oiide,  Its  colour  cbaiigOH  to  y«llow  ;  a  yellow  precipitate  (PbCrO,)  may 
then  be  thrown  down  from  this  yeltom  solution  by  adding  to  it  if  A  in 


I 
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[306-2O8.]                QHOUP  nLA.—CHROMIUM. 

,.    ■ 

aos.  An^S  dIm  prectpiUtea  Cv„HA,  H,9  gM  being  givon  off  or 
rcinsining  di-seolved.     See  tho  eqaatian  iu  purogrspli  193. 

206.  A  Solid  BubBtancecontaimngCr,  if  it  IB  heated  with 

or  porcelain,  yields  yellow  sodium  cliromatp  (Na„CrO,).     8eo 
Exp.  8D  (106).     When  the  cold  product  is  dtssolvod  in  boil- 
ing water,  a  yellow  liquid  is  obtftined.     If  tliia  Bolution  is 
acidified  with  HA,  aud  is  then  boiled  for  a  few  minutes  in 
order  to  drive  off  CO5,  it  gives  with  sohitioti  of  lead  acetate 
(PbA.)  a  yellow  precipitate  of  TbOK),. 

207.  A  Borax  bead  containing  Or  (108)  is  grcon  after  it 
has  been  fused  either  in  the  outer  or  in  the  inner  blowpipe- 

Dkteotion  op  One  Metal  in  Group  III.*.,  when  it 

OCCURS    ALONB. 

208.  The  following  Table  of  SifTerenceB  will  serve  to 
detect  one  metal  in  Group  III. a.,  when  all  other  metals  are 
absent.     Kefor  to  the  remarka  on  the  corresponding  Table 
tor  Group  V,  (158),  for  an  explanation  of  tlio  method  of  using 
this  Table. 

■ 

J 
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Gbouf  IIIa. — ^Tablb  of  Diffbbbncbs. 


Teiti. 


For  liquids. 
1.  Add  AmHO: 


2.  Add  KHO 


8.  AddKCySand 
a  few  drops  of 
Ha: 


Blowpipe  test* 
for  solids, 

4.  Fuse  with 
Na«CO,  and 
KNO,  on  pla- 
tinum foil : 


6.     Heated     on 
charcoal: 


Al— ults 


6.  Fused  In  borax 
bead: 


White  floocolent 
precipitate. 


White  floccolent 
precipitate, 
easily  soluble  in 
excess  of  KUO, 
not  reprtdpi- 
fated  on  dUut- 
ing  and  boiling 
for  some  time. 


If  moistened  with 
Co(NO,)t  solu- 
tion and  re- 
heated strongly 
Rives  tkfine  blue 
mass. 


Fe*'-iatt8. 


Reddish  brovn 
flocculent  pre- 
cipitate. 


Reddish      brottn 
flocculent    pre- 
cipitate,    inso' 
liMe  in  excess 
of  KHO. 


Deep  blood  red 
coloration,  de- 
stroyed by  pour- 
ing into  llgCls 
solution. 


On  coolinf?,  a 
white  mass  of 
Na^CO,  re- 
mains, with 
dark  brown 
particles  of 
FeiOg. 

In  inner  flame 
mixed  with 
NsgCOj  gives  a 
grey  magnetic 
powder. 


Reddish  yellow 
in  outer  flame. 
Ortenish  yellotc 
in  inner  flame. 


Fe*- salts. 


Dinffy  ffreen  pre- 
cipitate, rapildly 
turning  brown 
when  left  ex- 
posed to  the  air. 

The  same  preci- 
pitate as  with 
AmHO,  iiiM>- 
lubfe  in  excess 
ofKEO. 


No  coloration  un- 
less Fe*'  is  also 
present. 


Cr— salts. 


Same  as  Fe*". 


Same  as  Fe^'. 


Piile  green  floccu 
lent  precipitate, 
colour       unal- 
tered by  expo 
sure  to  air. 

Palf  grten  preci- 
pitate, soltUilt 
in  excess  of  cola 
KHOy  but  re- 
precipitated  on 
diluting  emd 
boiling  for  some 
time. 


On  cooling,  a 
ydlow  mass 
remains ;     the 

solution  in  TIA, 
gives  a  yellow 
predpitate  with 

PbA« 


Same  as  Fe"'. 


ureen  l)(>th  in 
outer  and  Inner 
flames. 


•  aia*]    QBODP  m.A.— DETKCTION   OF   METALS. 


Sbpabatidk  and  Detection  op  the  Metals  in  Group 
iii. a.,  when  tilet  occur  tooethkr. 

209.*  The  following  Differences  are  ulilised  1 — 
1.  The  soluliility  of  AIjHoO„  in  boUin,j  KHO,  in  wliich 
Te^HgOg  and  Cr^H.,Oa  are  iuBoluble. 

The  conversion  of  Cr^EjOu  by  fusion  with  NaaCOg  and 
KNOi,  into  soluble  Xa^CrO, :  Fe,HflOfl,  when  it  is  thus 
irealed,  remaining  as  Fe.jOj,  which  is  insoluble  in  water. 
Cr  is  then  detected  by  the  yellow  colour  of  the 
10U9  solution  of  the  resulting  Ka.jCrOj,  and  by  the 
formation  of  a  yellow  precipitate  when  this  solution  is 
■cidilied  with  HA,  and  PbAj  solution  is  added  to  it. 

¥0  is  found  by  the  blood-red  coloration  which  is 
-obtained  when  KCyS  is  added  to  the  solution  in  HCl  of  the 
FejOg  resulting  from  (2). 

210.*  A  Solution  which  may  contain  Al,  Fe,  Cr,  ia  ex- 
amined in  the  follow 


(4),  To  a  few  drops  of  the  liquid,  acidified  with  HCl,  a 
Jittle  K^FeCyu  ifi  added:  if  a  blue  precipitate  is  produceii, 
Te  is  present :  proceed  to  (b),  [f  no  blue  precipitate  forms, 
proceed  to  (c),     This  portion  of  the  liquid  is  rejected. 

(b).  Two  other  smaU  [Mrtions  of  the  acidified  solution  arc 
then  tested.;  one  with  freshly  made  solution  of  K^FeCyy, 
which,  by  giving  a  dark  blue  precipitate,  would  show  the 
piesence  of  Fe" ;  the  other  with  KCyS,  which  may  cause  a 
blood-red  colour,  proving  the  presence  of  Fe"'.  These  por- 
tjons  of  the  liquid  are  rejected.     Proceed  to  (c). 

(c).  The  test  of  the  original  solution  is  boiled,  after  a  few 
drops  of  stron[{  HNO3  have  been  added  if  ferrous  salt  is 
present.  Some  AmCl  is  added,  then  AmUO  is  gradually 
■dded  with  constant  stirring,  until  the  liquid  is  just  alkaline 
knd  smells  faintly  of  NH^.  The  liquid  is  then  boiled  and 
filtered,  and  the  precipitate  is  examined  by  Table  III.a. 
{1027)1  ^  ^^  appended  Xotes  being  dwQi^x&«^. 


^K^^^^^^B 
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GROUP   III.B.-ZINC  GEOTJP.                    ^M 
211.  This  Group  includes  2n,  Mn.  Si,  Co. 

IT.  snd   V.   lif   being  prTCipiCated  from   tbeir  nratral   or  alkftline 
■olutioDi  tij  >tiiiDo»iiim   fiolfhide  (An^S).  and   from   their  >lk»Utie 

Ut«<l  by  oxidalion.  if  iU  aolatJoH  in  mixed  with  AmCI  >nd  rxaas  of 
AmHO,  mnd  i.  Iheo  exposed  to  the  air. 

lUme-colorations ;  but,  with  tlie  exception  of  thoM  of  Zo,  tlie;  ^ts 
chRracteristio  eoloure  to  a  borax-bead, 
Finaly  powdered   barinni    carbonate  (B*COj)  doai  not  precipitate 

Hote.-The  ydlmn  Ammnnmm  sulphide,  which  ia  repeatedly  referred 
gcnpral   fonnnia  Ani^„.      Tho  monostdphide,  Am^  or  AmB8,  »^^ 

ZtKC  (Zn)-Use  Zinc  sulphate,  ZnS0,.7H,0.        ^W 

Zinc  ulta  are  nausll/  coloQrless.                                 ^^t 

212.  Ammonium    sulphide,    Am^S:    white    precipitnt^^^ 
(ZnS).     This    precipitate   often    appear    yellow,    owing  ta^^| 
tho    presence  of   excess  of  yellow  ammonium  poly^ulphid^^^ 
(Ara^Sn)  in  the  liquid.     The  true  colour  is  evident,  as  soo^^f 
as  the  precipitate,  produced  by  Am^S,,,  has  been  separato^^H 
from  the  liquid  by  settling  or  by  filtration.                              ^^B 

The  colour  and  tiio  noluliility  of  this  precipitate  ia  proved 
in  the  next  paragraph. 

HjS,  snca  H^SO,,  In  which  ZaS  is  soluble,  is  formed  dtiting 
the  reaction : 

Znm^  +  H,S  =  ZnS  +  H,SO, , 

If,  however.  NaHO  or  AmHO  hiis  beeu  added  in  sufficient 
excess  to  the  zinc  solution,  it  will  form  a  uleikr  solution 
(ZI4,  215) ;  and  since  free  H.^SO,  cannot  exist  in  this  alka^ 
line  liquid,  the  Zn  may  be  entirely  precipitated  from  it  aa 
aulphide  by  HjS. 

The  addition  of  a  sufficient  quantity  of  solution  of  sodium 
acetate  (NaA)  to  the  zinc  solution  aleo  enables  H^S  to  efToct 
complete  precipitation  of  the  Zn  as  sulphide,  since  acetic 
acid  {HA),  in  whiob  ZnS  is  inBoluble,  ia  produced  in  the 
solution : 

ZnSO,  +  HjS  +  3NaA =ZnS  +  Na^SOj  +  2H  A . 

Add  to  some  ZnSO^  eolntion  AmCl,  then  AmHO  until  it 
is  allialine,  and  then  H.jS.  White  ZnS  will  he  prncipilated. 
Add  to  separate  portions  of  this  liquid  HCI,  HA,  and  Am^S 
respectively ;  ZnS  will  be  found  to  be  soluble  in  HCI,  but 
insoluble  in  HA  and  in  Am^S, 

Kota. — Tlie  tenia  wIiidIi  show  the  iwlaliility  of  the  aulphidfui  nf  tliu 
metaU  of  this  Oroup  arc  best  triad  on  ths  precipitate  which  i«  obtained 
by  tbe  uddidoD  uf  AiuOl,  AmHO  iu  eiccKi,  and  H^  to  thv  solution  of 
the  uietal,  DiileBs  Treshly  i>roparL-d  enloarleaa  A1D3S  cau  bu  obtaiued  ; 
lines  the  yeltoie  polysulpliido  lalatioii  causes  Hulphui  to  precipitate 
together  with  the  metallic  aulpliide  1 

ZnS0j  +  Aiu^-Za3  +  S  +  Am^j. 

The  sulphur,  thus  preu'ipituted,  is  not  dissolved  by  Llic  Nclvi'iits  of 
thn  motalUo  sulpliide. 

214.  EHO,  added  in  small  quantity,  gives  a  wliite  pre- 
cipitate (ZnHjOj).  The  addition  of  more  K.HO  cauaeti  this 
precipitate  to  diasolve;  but  it  is  formed  again  when  much 
water  ie  added  and  the  solution  ia  boiled.  The  Zn  muy  also 
be  precipitated  from  the  KHO  solution  as  ZnS  by  the  addi- 
tion of  HjS. 

215.  AmEO,  if  added  in  umiill  quantity,  *lsa  yields  a  preoipil&te, 
Whiah  is  soluble  in  eicesa,  The  furuiHtiuu  at  tbis  precipitate  i> 
pnvDntad  by  th«  piavious  addition  of  AmOl. 


KEACnONS   OF  THE  METALS.  [SH-^l] 


216.  Blowpipe-teet  on  Charcoal.  —  Mix  some  finely 
powdered  ZnSO,.7HoO  and  NaaCOj  in  a  smaM  cavity  on 
wood-charcoal.  Heat  the  mixture  in  the  inner  blowpipe- 
flame.  An  incrustation  will  be  obtained  on  the  charcoal, 
which  is  yelloir  while  hot,  and  icJitie  when  cold.  This  deposit 
cannot  be  driven  away  by  the  outer  blowpipe-flame,  but  it 
is  easily  removed  when  it  is  heated  in  the  inner  flame. 

Moisten  the  cold  incrustation  with  cobalt  nitrate  Eolution 
and  heat  it  strongly  in  the  outer  blowpipe-flame ;  it  wilt 
become  green. 

Note. — The  above  cbungeB  of  oolour  are  inon>  diEtinctly  aoeo  whsn 
a  little  UDC  Diida  (ZnO)  is  heated  iu  oa  igaitioD  tube,  or  ia  ~ 
blowpipe- flame  on  charcoal.  The  onide  will  be  yellaV!  irbilc 
nnd  trkiU  when  it  euoU.  If  the  oxiile  in  mouteDed  ou  charcoal  with 
Co{NOi,)j  Bolalinii,  nnd  is  then  reheated  in  the  outer  blowpipo-fli 
will  become  ijrten. 


Manoanesb  {Mn}. — Use  Manganese  chloride  (MnCL),  or 
Manganese  sulphate  (MnSO^), 

MsJifjauoua  salts  am  luuslly  of  a  pale  pink  colour.  Alkaliuo  man 
gBDates  are  greci\,  permangniutes  are  purple. 

217-  Am.j8  :  flesh-coloured  or  pale  pink  precipitate  (MnS). 
The  true  colour  of  this  precipitate  ia  only  seen  after  it  ha^ 
been  separated  by  filtration,  il  the  anunoniuro  sulphido  was 
yellow.  The  precipitate  occasionally  becomes  dark  yreen  after 
standing  tor  some  time.  The  colour  of  the  moist  filtered 
precipitate  always  changes  by  oxidation  to  dark  brown,  when 
it  is  allowed  to  stand  in  contact  with  the  air.  For  the  solu-  < 
bility  of  this  precipitate,  refer  to  paragraph  2l8-  I 

218.  H„8  precipitates  pale  pink  MnS,  partially  from  neutral 
solutions,  and  entirely  from  alkaline  solutions,  but  it  pro- 
duces no  precipitate  in  the  presence  of  HCl  or  of  HA. 

Add  to  some  MnCl._,  solution  AmCl,  AmHO  in  excess, 
and    then    H^S ;  and    show  with   separate  portions  of   the 


I 
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pieoipitate  that  MnS  is  soluble  in  HCl  and  in  HA,  but  is 
insoluble  in  Am^S. 

219.  KHO;  white  precipitate  (MnHjO^),  insoluble  in 
excess,  and  quickly  turning  brown  by  oxidation  in  the  air. 
This  chnngo  of  colour  is  most  rapid  aflar  the  precipitate  has 
been  filtered  off,  since  it  is  then  exposed  mote  fully  to  oxida- 
tion by  the  air. 

220.  AmBO  gives  the  same  precipitate  (MnHnO^).  If 
sufGcient  AmCl  is  first  added,  however,  AmHO  produces  no 
immediate  procipitate  ;  but  if  this  alkaline  liquid  is  exposed 
to  the  air,  it  gradually  turns  brown  by  oxidation,  and  the 
Mn  is  ultimately  precipitated  as  a  brown  hydroxide. 

221.  Blowpipe  test  by  Oxidation. —When  any  solid  sub- 
stance containing  Mn  is  heated  upon  plntinum  foil  in  the 
outer  blowpipe-flame,  in  contact  with  a  fused  mixture  of 
Na^COj  and  KNOj,,  the  product  yields  a  hluUli^ijreen  mans 
when  it  cools.  The  mixture  of  the  substitnce  with  the  alka- 
line salte  ahoiiid  be  heated  by  allowing  the  tip  of  tlie  blowpipe- 
flame  to  touch  the  under  surface  of  the  foil;  the  flame 
must  not  be  allowed  to  come  into  contact  with  the  surface  of 
the  mixture  (106,  Exp.  85). 

The  tost  may  also  be  made  by  fusing  a  mixture  of 
Na-jCOg  and  KNO5  into  a  bead  in  a  loop  of  platinum  wire, 
then  taking  up  a  little  of  the  mangauese  compound  upon  the 
surface  of  the  moistened  bead,  and  fusing  it  into  the  bead  by 
heating  it  in  the  extreme  tip  of  the  outer  blow  pipe- flame. 

This  reaction  is  a  very  delicate  teat  for  the  presence  of 
manganese. 

222.  Blowplpe-test  on  Oborooal.— Wlieii  an;  maDgsDcae  comjiouiKl 
ii  heated  with  fu»eil  Nn,CO,  011  clmrcoal  id  the  iniier  blowpipe-Dime  it 
yield*  a  grej  mB^oetic  powder  uf  Mn  (IIO,  III). 

223.  A  Bomz-bead  (I08)i  which  contains  verp  little  Mn, 
will  be  piulet-Ted  whilst  hot  and  ameikijet-red  when  cool,  after 
it  has  been  fused  in  the  outer  blowpipe-flame.  When  the 
bead  is  heated  in  the  inner  blowpipe- flame  it  becomee  ci)lwj.Tle*». 


144 

This  leaction  is  veiy  delicate,  and  jtelds  a  result  wiUt  I 
even  minute  quautitieB  of  manganese  compounds.  Larger' 1 
quantities  of  manganese  render  Che  bead  opaque,  after  it  liOB  T 
been  heated  in  the  outer  blowpipe- llan 


NioKBL  (Ni).— Use  Nickel  sulphate,  NiS0,.7H,0. 
Nickel  nits  nre  mutU;  bright  green  in  colour. 

224.  AiajS:  hlaok  precipitate  (NiS). 
Add  i/ellow  ammonium  polysulphide  in  excess,  boil  and 

filter.     The  filtrate  will  be  coloured  brown  by  NiS,  which 
has  been  dieaolved  by  the  excess  of  the  polysulphide. 

Pour  this  dark  coloured  filtrate  into  a  porcelain  dish  and 
boil  it  for  some  time,  adding  distilled  water,  if  neceasary,  ii 
order  to  prevent  the  liquid  from  evaporating  to  dryness.  The 
dissolved  NiS  will  be  reprecipitated,  and  when  it  baa  been 
filtered  ofl',  the  filtrate  will  be  colourless. 

If  UA  16  added  iu  excess  to  the  dark-coloured  SItratA,' 
the  dissolved  NiS  will  also  be  reprecipitated. 

For  the  solubility  of  NiS,  refer  to  the  next  paragraph, 

225.  H.^S  :  black  precipitate  (NiS)  in  a  neutral  solution, 
or  in  a  solution  which  coutaiua  no  free  acid  except  HA, 
(213).     HCl  and  other  acids  prevent  the  precipitation. 

Add  to  NiSO^  solution  AmCl,  then  AmHO  in  excess  : 
then  HjS ;  and  show  with  the  precipitate,  thus  produced, 
that  NiS  is  inRoluhle  in  cold  HCl  and  in  HA,  hut  is 
dissolved  when  it  is  heated  with  HCl  and  a  cryetal  of 
potassium  chlorate  (KCIOa),  , 

226.  KHO:  light  green  precipitate  (NiH^Cj). 

227-  AmHO,  added  in  very  small  quantity,  gives  a  bluisli- 
green  precipitate  (NiH^.O.J.  This  precipitate  is  soluble  in 
exceas  of  AmHO  to  a  violet-blue  liquid  :  it  is  also  soluble 
in  AmCL 


I 


If  AmCl  is  first  added  to  the  NiSO,  solution,  the  addition 
of  AmHO  causes  no  precipitate. 

228.  Solution    of  FotasBium  cyamde  (KCy),   if  it  ie 

freshly-prepared  Ijy  dissolving  a  fragment  of  eoHd  KCy  in 
water,  and  is  added  in  small  quantity  to  the  nickel  solution, 
gives  a  yellowish. green  precipitate  (NiCy„).  The  further 
addition  of  the  KCy  solution  dissolves  this  precipitate  ;  but 
the  precipitate  appears  again  when  sulliciunt  HCl  ia  added  to 
thia  solution. 

229.  Precipitation  as    NtB^O^    from    KiCyo.ZKCy, — 

Acidify  some  NiSO,  solution  with  several  drops  of  HA. 
Then  add  f  reshiy-mado  KCy  solution  gradually,  while  atirring 
or  shaking  the  nickel  solution,  until  the  precipitate,  which 
forms  ut  first,  is  jusE  redissolved. 

Boil  this  solution  for  a  short  time :  then  cool  it,  and 
divide  it  into  two  parts. 

The  addition  of  HCl  in  excess  to  one  part  will  produce  a 
precipitate  of  NiCy.,,  which  often  oppears  only  after  a  time. 

A  black  precipitate  (Ni.jH,.0|,)  will  be  formed  on  the 
addition  to  the  other  part,  either  of  sodium  hypoclilorite 
solution  (NaClO),  or  of  potassium  bypobromite  (KBcO), 
The  hypobroraito  is  conveniently  prepared  by  adding  to  the 
nickel  cyanide  solution  first  KHO  in  excess,  and  then  bromine 
water  (Br)  until  the  liquid  remains  yellow.  The  black  pre- 
cipitate forms  more  rapidly  if  the  liquid  is  warmed. 

33a  Blowpipe-test    on    Charcoal. — When   h    niixturo   of    finely- 

powilcreii  NiS0,.7H,0  niiJ  Ns,CO,,  [»  h 

lilo*]iipp-lliniJe,  •  gTuy  |«iwjtr  of  Ni  wil 
rsU-d  \iy  tdvigaliou  atid  bIiowii  to  Ijo  al 
in). 

331.  A  Borax-bead  containing  Ni  is  violet  or  rediUah-bromi 
immediately  after  it  has  been  fused  in  the  outer  blowpipe- 
flame,  and  it  becomes  pnl<'  yellotB  on  eooling. 

If  thebeail  is  heated  for  some  time  in  the  inner  blowpipe- 
flame,  it  bocomoa  hlatk  and  opa-pip. 


nM  on  clinrcoa!  in  the  inoer 
I  limy  bo  BO|i«- 
in»Bnot  (no. 


BSAOnolIB  or  the  MXTAia. 


Cobalt  (Co).— Use  Cobalt  nitrate,  Co{N05)j.6H50. 


Hydrated  cobalt  raits  > 
iiilifdreuE  condition  llit^y  ai 


I  usually  rerfrfiiS-jrfnt  in  colour  ;  ii 
:  nBually  bltu  or  purple. 


232.  Am^B  :    black  precipitate   (CoS),      If  muob  yellow 
aiamoniura  iJoIysulpUide  is  addeJ,  and  the  liquid  is  then   , 
boiiod  and  filtered,  the  filtrate  is  coloured  yellow  by  ArajS^;  ", 
it  ia  nol  dark  cotoured.,  aiuoe  CoS,  unlike  NiS,  is  insoluble  in 
yellow   AnLjSj,.      For   the  solubility  of  CoS,  refer  to  the 
next  1 


233.  H.^8  :  black  precipitate  (CoS),  forming  only  in  alka- 
line solutions,  or  in  solutions  which  contain  no  free  acid 
except  HA  (213)-  The  presence  of  HCl  prevents  the  pre- 
cipitation. 

Add  AmCl,  then  AmHO  in  excess,  and  then  H^S,  to 
some  Co(NOg)j  solution,  and  pour  into  two  eeparate  portions 
of  this  liijuid  HCl  and  HA  respectively;  the  precipitate 
will  not  dissolve.  To  the  portion  containing  HCl  add  a 
crystal  of  KCIO^  and  heat,  the  precipitate  will  diasolva 
readily. 

234.  KHO :  blue  precipitate  (CoH^O,).  The  colour  of 
the  precipitate  changes  by  oxidation  on  exposure  to  the  air, 
also  when  the  liquid  containing  the  precipitate  ia  heated. 

235.  AmHO  :  bluish-green  precipitate,  having  the  aanie 
properties  as  that  produced  by  KHO.  Tlia  precipitate  ia 
soluble  in  excess  of  AmHO  and  in  AraCl,  and  is  therefore 
not  formed  if  AmCl  is  added  to  the  cobalt-solution  before 
AmHO,  or  if  AmHO  ia  added  in  excess. 

236.  Freshly-prepared  KCy  solution,  if  it  is  added  in 
small  quantity,  gives  a  reddish-brown  precipitate  (CoCyj). 
When  more  KCy  solution  is  added  slowly,  and  while  shaking 
the  liquid,  the  precipitate  dissolves;  but  it  reappears  when 
HCl  is  added  to  the  solution. 

237.  Cobalticyanide   reaction.  -  Acidify  eorae  Co(N'03)j 


I 
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solution  with   a  few  diope  of  HA ;  then  add  freshly-mftde 
KCy  solution  slowly,  until  the  precipitate  which  forms  at 
first  is  juBt  redissolved. 

Boil  this  liquid ;  then  cool  it,  and  divide  it  into  two  parts. 
Add  to  one  of  these  portions  HC! ;  and  to  the  other  either 
NaCHJ  solution,  or  excess  of   NaHCl  solution  followed  by 
sufficient  Br-water  to  render  the  liquid  permanently  yellow ;       .■ 
no  precipitate  will  appear  in  either  case,  even  when  the  liquid 
is  warmed.     Refer  to  229. 

U«»B  been  boiled  with  oxceM  of  KCy,  is  duB  t»  the  fact  tliat  NiCy, 
rormB  with  KCy  a  eompound  (NiCy,2K0y)  wliich   is  easily  deooiu- 
powKi !  wheiwu  CoCy,  forms  witli  eiceas  of  KOy,  in  tlie  preaence  of 

oxidising  solotionB  :— 

2CoCy,+  SKCyi2ir,0  +  0-aK,CoCy,  +  2KOH  +  H,0. 

i*  ipiied  with  Nft,CO„  uTid  the  mixture  is  fused  on  chnrcoal  in  the 
iniirr  blowpipe-flnmp,  it  yields  ngrry  iiisgneti?  powder  of  Co  ( I  ID,  in], 

239.  A  Borax-bead,  which  has  been  dippeil  into  a  strong 
solution  of  Co(N(»3)^,  assumes  a  fine  blue  colour  when  it  is 
fused  in  either    the    inner  or   the  outer  blowpipe-flame. 

compounds. 

Dbtection  of  One  Metal  in  Group  Ill.n.,  when  it 

240.  The  following  Table  of  DifTerences  will  serve  to 
detect  one  metal  in  (3ro«p  III.b.,  when  a!!  otlier  metals  are 
absent. 

The  distinction  between  Ni  and  Co  in  the  Table  depends 
upon  noting  the  presence  of  NiS  in  ydloie  ummonium  poly- 
■ulphide ;  this  is  proved  by  a  dark  filtrate  being  obtained 
when  the  precipitated  sulphide  is  warmed  with  excess  of  the 
jellow  polysulphide  and  the  liquid  \a  t\\te'CQ&. 
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[241» 


Group  III.b. — 


Tests. 


Forliquidt. 

1.  Add  ArovS:  or  better, 
AmCl,  AmHO  in  excMS, 
aud  BsS-water. 

2.  Add  KHO : 


8.  Add  ECy  solution  : 
i  Hits  test  need  only  be  tried 
I    when  a  black  precipitate 

has  been  obtained  by  Test 

No.  1. 


Blowpipe  tesUfoT  aolidt, 

4.  Fused  with  Na^COs  on 
charcoal  in  the  inner  blow- 
pipe flame. 


6.  Borax  bead : 


Zn— salts. 


WhtUpreeipUats :  soluble  in 
cold  dnute  HCl :  iruolvble 

in  HA. 

WhiU precipitate:  KiubU  in 
exeeuo/KHO, 


A  white  incrustation,  which, 
if  moistened  with  Co(N03>2 
and  heated  in  the  outer 
flame,  turns  green. 

The  substance  itself,  when 
strongly  heated  after  hav- 
ing been  moistened  with 
Co(N03)3  i^l^  becomes 
green. 


Mn-HBalts. 


Pink  precipitate:  soluble  in 
cold  dilute  UCl :  aoluble  in 

HA. 

White  precipitate ;  turning 
brown  in  the  air :  imoluble  in 
KHO. 


A  grey  powder. 

The  substance,  if  fused  with 
Na^CO*  and  KNO.  on  plati- 
num foil  in  outer  flarae, 
gives  a  bluiah  green  mass. 


(Outer  flame. — Amethyst  red. 
(Inner  flame. — Colourleu. 


Separation  and  Detection  op  the  Metals  in  Group  III.b., 

when  thbt  occur  together. 


241.*  The  followmg  Differences  are  made  use  of : — 

1.  The  solubility  of  NiS  in  yellow  ammonium  poly- 
sulphide,  in  which  ZnS,  MnS,  and  CoS  are  insoluble. 

NiS  may  then  be  reprecipitated  by  boiling  this  solution,  or 
by  the  addition  of  HA,  and  the  presence  of  Xi  may  be  con- 
firmed by  heating  the  NiS  in  a  fused  borax-bead  (231). 

2.  The  solubility  of  ZnS  and  MnS  in  cold  dilute  HCl,  in 
which  NiS  ard  CoS  are  almost  insoluble. 
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Table  or  DirraBBNCss. 


BUut  irrtelpitale :  Kluftl*  <■  boai*ii  ytUaa 
Am^  bxtdarkiulutLonHiuoInfaielncgld 
dilate  UCl  and  in  aJ. 

Ortan  pncipilalc :  Iniolntile  in  KHO. 

A<1d«d  In  illKht  Hcnu  to  lliu  d'ebly  ni'td 
■nluUr^i  uid  boilwl  lor  ■'mni  tlKui,  tliuii 


ArlrlF'l  111  allBht  EiHsu  to  tlm  Tcobly  add 
lulutJoii  una   lulled  for  •ams  lltria,  Uien 


ni.-~Orc)iar  vjHiifui 


V^llou  »hU«  hot 


anil  luaur  flituci.— fin*  Mw  beail. 


3.  The  solubility  of  Zall.O^  in  cold  KHO,  in  which 
MnHjO^  is  iuKokblc. 

White  ZiiS  may  theu  bo  precipitated  from  this  alkaline 
solutioD  by  thu  uddition  of  H,_,S :  and  the  MnH.^O.,  may  be 
heated  in  a  fused  mixture  of  NajCl.l„  and  KNOg,  when  it 
will  yield  a  bluish-green  mass  (221). 

4.  The  difference  in  behitviour  of  the  solution  of  N(Cy„ 
and  of  CoCy^  iu  excess  of  KCy  solution,  when  the  liquid 
is  warmed  with  NaClO,  or  with  NalirO  (229,  237). 

5.  The  marked  difference  in  colour  of  the  borax-bead  con- 
taining Ni  from  that  coutaining  O'o  is  a  further  meana  0 
detecting  these  metals, 


RKACTIONS  OP  THE  METALS.  [243*-aM.]J 


Un 


neutral  solutioi 


separated  &oiu  Zn,  Ni,  and  Co  by 
""ihl 
(ai8), 


fi  into  the 

.ted  sith  NaA  (213):  Mn  aloDB 
,.   uid  tlie  other  metals  are  pcccipitated  as 
xnlphides. 

Anotliar  method  for  separating  Ni  mid  Co  dupcnds  upon  the  fact 
that  while  Co  is  precipitated  as  Co.jiEO),  from  ita  eolation  bj  BaCOj 
in  the  presenile  of  Br,  Ki  ia  not  precipitated  by  this  means  and  remaint 
in  BolntioD. 

242.*  A  Solution  ia  Examined  for  Zn,  Un,  Co,  Ni, 

by  adding  AmCl,  then  AmH(»  in  exci^ss,  and  tlien  yellow 
AnijSii  until  tlie  liquid  smells  of  tlie  sulphide  after  it  b^ 
been  well  stirred  or  sbaken. 

The  liquid  ia  then  heated,  and  a  few  drops  of  it  are 
poured  upon  a  filter.  If  the  filtrate  is  oolourleaa,  auffioient 
Au^jSq  has  not  been  added ;  more  Am,,S„  must  then  be  poured 
in,  the  liquid  must  bo  once  more  filtered,  and  the  colour 
of  the  filtrate  must  be  again  observed. 

As  soon  as  (he  filtrate  is  brown  or  yellow  in  colour, 
proving  thut  AnL,S„  has  been  added  in  oJCcess,  the  whole  of 
it  is  heated  and  filtered,  and  the  precipitate  ia  examined  by 
Table  lU.B.  (1028). 

If  the  filtrate  is  yellow  it  is  rejected,  if  it  is  brown  it 
must  be  examined  for  Ni  according  to  paragraph  I020. 


Rkactiosb  of  the  Eareb  KLEMinNia  in  Group  III. 

243.  In  this  Group  are  iuclndad  U,  In,  Ti,  Bo,  Tl,  [V],  (Zr,  Co, 
Ta,  Nb,  U.  Di,  y.  E,  Th). 

244.  Tl  is  often  )»rtiHUf  precipitated  as  chloride  in  Group  I.,  and 
ita  reaotions  are  given  nnder  that  Group.  V  is  not  precijiitaled  unless 
acid  is  added  iu  excess,  after  Aat^  has  beuu  added. 


Uhanicm  (D).— Use  Uranjl  nitrate,  (BO^'XNO,),. 

U  occnra  ia  natnie  principally  as  pitchblende,  an  oiide  ;  also  as 
urariiie,  a  hydratfid  uranium  calcium  pbbsphate ;  and  ns  dudeoliU, 
bydrated  urunium  copper  phosphate. 


[346-256.]  GROUP   III. — URANIUM,   INIHUM. 


346.  Am^  givei  in  neutvil  aolutions  a  din^  ycllmo  or  ftroum  preci- 
piUtc  of  umnium  axyaulpliido,  wbit^h  diSera  frora  Zn8,  MnS,  and 
FeS  by  li«ing  soliilile  in  AmgCOj.  Tlie  precipitated  oxf  auljiliido  Kttles 
alowlj,  anleBS  AmCl  is  added  ;  it  is  eoluhlo  iu  acida,  Bveo  in  HA; 
when  it  is  licnCed  witli  AnijS  in  excess,  it  is  cliaQgod  icito  uranoui 
oiide  atid  Balphur. 

247.  H,8  pruditces  no  precipitate  io  acid  BolutioliH. 

248.  Am^CO],  EHOOj,  or  NaHOO,:  yellow  precipitate  of  double 
cacbonflte,  easily  aolublo  in  vxeesa  ;  from  thiB  solution  the  uruiium  in 
repncipitat^d  by  the  addition  oE  NaHO  or  KHO,  01  by  boiling  the 
liqud  ;  it  differs  in  thig  respect  from  th«  correspndiDg  iron  precipitate. 

349.  E^FaOy,  gives  in  ucid  scluCious  a  reddisU-brown  precipitate, 
which  diSera  Trom  the  aimilar  one  produced  in  a  copper  solution, 
by  dissolving;  in  excess  of  AnvHO  to  a.  ytllam  liqajd. 

350.  B«00,  cBUies  complete  preci[>itatian  even  in  the  cold. 

351.  Za  changes  the  i/eilow  colour  of  acid  solutions  to  graa, 

353.  Bonu  and  Hlorocoamio  beode :  after  being  healed  in  the 
enter  Dame,  gclloui ;  inner  lUmo,  gTeni, 


Indium  (In).  -Use  ludinni  sulphate,  In^30«}^ 
Indinm  occnri  in  einc-blende  and  in  wolfram. 

253.  Alluiine  hydrates  precipitate  a  hydrate  resembling  AlgH,0„ 
whicb  is  insoluble  in  excess.  Indium  solutions  arc  also  precipitated  by 
■llcaliue  carbonates,  by  N4,HP0(,  by  boiling  their  neutral  Bolutions 
with  exocsa  of  NaA,  hy  BaCO,,  and  by  alkaline  oxalates. 

254,  H^  gives  no  precipitate  in  strong  and  acidified  Eolations ;  in 
dilate  and  feebly  acid  solutions  a  little  sulphide  separatoa;  in  a  solu- 
tion containing  no  Iree  acid  but  HA  the  metal  is  entirely  precipitated 
as  jfeltea;  sulphide.  This  precipitate  is  tuaolublo  in  cold  Ani^S,  but 
dissolves  when  the  Am^  is  boiled  :  loMlc  indium  sulphide  separates  as 
the  hot  solution  cools, 

355.  Am^,  added  after  H,T  and  aiccss  of  AniHO,  gives  a  white 
preciiiitate,  which  becomes  yellow  when  it  is  treated  with  HA. 

356.  Flame-Coloration:  blaisb-VLolct.     Tho  BYx^oU'un'Jv^Nib^Ni^ii 


162  RBACTI0N8  OP  THK  MBTALB.  [257-288.3'! 


cbaroctenBtk  blae  line ;  when  iiidium  cUIoHdc  is  inCrodDCed  inta  I 
llamn  this  linu  is  linUiaiit,  but  it   very  mpiiUy  ilisappeuj'a  (lig.  i 


Bbrvllil-m  (Be).— Uk  Berjliium  sulpbate.  Bt^SO,),. 

Be  occurs  as  eilicnte  in  phunakitH,  and  as  siticote  witli  all 
ailfcAtu  in  I)ery1  and  in  emerald. 

257.  AmjS,  AmHO,  KHO,  or  KaHO  prBcipitatea  the  Boccolent 
hydrate,  wliicli  rpaemlilea  AljHgOg  id  appearance,  and  in  being  soliibla 
in  KUO :  it  differs  from  AI,HiO,  in  being  iirecipitateii  from  ita  solu- 
tion in  KHO  by  diluliun  and  long  boiling,  and  by  tlio  frusbly  preci- 
pitated liydrata  being  liiasulvod  wbaii  it  ia  boiled  for  some  timo  with 
Am  CI  Bolutiou. 

258.  Alkaline  carboustes  prei^ipitaCo  a  carboDate,  wliicli  is  soluble 
ill  ezceiB  of  tlio  reagent ;  the  carlionate  is  reptedpitaled  when  this 
sotntioD  IB  diluted  and  boiled  for  aome  time  ;  the  Bolalion  aoil  reprei-i- 
pitation  are  most  uasilf  effected  when  Aiu,CO]  is  used  as  the  rsafjent. 
[DifferDuco  from  AlsHjOp} 

259.  BaCO,  precipitates  Be  solulioiis  t:oniplct<<ly. 

260.  H,jC,0,  and  Alhaline  oxftlatea  produce  no  pi'ecipitate. 

201.  Holatened  with  CD(ItO,),  mliitioQ  and  heated  on   charcoal 
in  thu   outer  blDnpi|ie-Banie,   a  grei/  i 
from  Al.) 


obtained.     (Difference 


Titanium  (Ti).— UsaTitituiu 


Ti  occuiB   aa  TiO^,  iritli  t 
anatase,  njid  brookitu. 
titaiiiferons  ii 


Ti0.ji: 


ater  and  in  most  acids  :    it  is 
boiling  strong  U^O, :   it  ulso 


362.  Ignited  TiO,  is  insoluble  ii 
easily  soluble  in  HF,   loss  readily 

becomes  soluhte  in  cold  water  al'tor  it  hai  been  lienled  with  fiiacd 
KflSO^.  TiO,  differa  from  SiO,  by  not  being  volitiliaed  wlien  it  ia 
heated  in  a  pUtiaiiiu  dish  with  HF  and  Btrong  K^O,, 

363.  By  Dilution  and  long  Boiling,  white  floccnient  hydrated 
TiOy  ia  pmcipitatcii  from  sotution  in  H^O,  or  in  HCI,  and  from  the 
aqueous  solution  prepared  after  treattneut  with  fused  KHSOj ;  the 
predpitate  is  metatituuic  acid  :  it  caunot  be  filtered  off  u 
an  add  or  AmCl  hu  been  added. 
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364.  AmHO,  KHO,  IfaHO,  Am^,  or  BaCO,,  white  floccalent  pre- 
cipitate, insolublu  in  excoxg :  if  the  precipitation  and  WRBhiDg  liave 
b«!D  MiTied  out  iu  the  cold,  the  prccipitale  dixaolvea  iu  HCI  and  in 
dilute  H^Of. 

265.  Zn  01  Bn  givee  in  strong  acid  aolutions  a  bine  coloration  ;  if 
the  aolutiau  is  dilute,  a  roaa-red  coloration  ia  pToducod. 

366.  NaAO,  precipitiitea  Ti  aolutiou  uitirdy  wlicu  the  liquid  ia 
boUcd,     (Difference  from  Fi-. ) 

367,  Hicrocosmio-bead  :  in  Uie  outer  &ame  yillitw  v/htta  hat,  toiovr- 
Uu  wlien  colli :  in  tlie  iuuvc  IlaDia  yelloie  »hil«  hot,  moitt  when  cold. 

The  production  ot  these  colours  is  promoted  by  intvodui^ing  a  frag- 
meut  of  Su  iuto  the  fuaiid  bead.  The  uddition  of  a  stiiatl  <iaantit;  of 
FeSOi  caiisea  the  boait  to  become  blood-red,  tvLen  it  is  bcatud  in  the 
iuner  blowpipe -flame. 


VANAintTM  (V).— Use  Sodium  vanadate,  NaVOa. 

V  ootnUB  in  vanadinilo  [aPhjlPO^VPhCl,],  and  in  cortnin  Vh-okb 
and  Cu-orea.  Vanadium  ia  known  in  several  stages  of  oxidation ;  it 
■unally  occurs  in  aunlyBis  us  vauadic  acid  or  a  vanadate,  whicli  in  acid 
solution  is  of  a  yvllow  or  reddish  colour. 

371.  H^,  H^j,,  or  BJ3.Pt  roducea  an  acid  solntion  of  a  vanadate, 
and  causes  the  colour  of  tlio  solution  to  change  to  Mim  ;  with  H^  a 
dcpoait  of  sulphur  ia  also  formed. 

373.  Am^,  if  added  in  excess,  gives  a  brown  liquid  ;  tho  addition 
of  an  eJicess  of  noid  to  thia  brown  iiiiHid  produces  a  brvvm  precipitate 
of  V^jj  the  brown  preeipitnle  is  redissolved  by  an  excess  of  AnijS, 
yielding  a  reddiah-hrown  liquid. 

373.  Zn,  when  introduced  into  a  very  dilute  solution,  whioh  is 
acidified  with  H^O^  and  ia  theu  gently  warmed,  causes  tlie  liquid  U> 
change  in  colour  to  Ukc,  then  to  green,  and  then  to  lavender-Uvs. 

374.  Solid  AmCl,  if  it  is  added  to  the  solution  uutil  it  is  saturated, 
precipitates  Aiii,VO,,  which  is  iuaolulile  in  saturated  AmCl  solution. 

275.  E^j,  when  shaken  up  with  an  acid  solution,  imparts  to  it  a  red 
Mlour ;  thia  oolonr  is  not  removed  by  shaking  thv  liciuid  with  ether. 
Thia  i*  a  vary  delicate  teat. 


I 
I 
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REACTIONS   OF  THE   METALS. 


[276.] 


276.  Borax-bead :  in  the  outer  flame  colourless,  or  yellow  if  much 
V  is  present :  in  the  inner  flame  green  hot  and  cold,  or,  if  much  Y  is 
present,  brown  hot  and  green  cold. 


Dbtection  of  thb  Rabbb  Elbments  in  Gboup  III. 


For  the  Betectioii  of  these  Sarer  Elements  of  Group  m.  in  the 
ordinary  course  of  analysis,  refer  to  the  third  and  fourth  columns  in 
Table  ZO90,  and  to  Table  ZOQZ. 


■MEBCURICUM. 


GROUP  ir.— COPPER  AND  ARSENIC  GROUP. 

This  Group  includsa  the  metala  Hg,  Pb,  Bi,  Cu,  Cd,  Ab, 
b,  Sn,  together  with  the  rarer  elements  Pd,  Oa,  Rh,  Ru, 
Au,  Pt,  Mo,  Be,  Ta,  Ir. 

Group  II,  ia  Bnbdivided  into  Groups  II. a.  and  II. d. 

The  Reactions  of  the  Rarer  Elements  a 
graphs  348-378. 


I  given  in  para- 


GROUP  II.A.— COPPER  GROUP. 
277.  This  Group  includes  Hg',  Pb,  Bi,  Cu,  Cd,  (Pd). 

Tbo  compouuda  of  these  inoUla  differ  from  tboae  of  tlie  matals  in 
Oroupfl  III.*.,  lll.B.,  IV.,  and  V.  by  being  piedpiUtod  aa  sulphides 
bj  UgS  from  their  aciil  sgluCioua.  Witb  tbu  exct^ptiou  of  Pl>,  which 
it  parliiJly  precipitated  from  stioug  solutions  us  uhlotide,  these 
metals  ore  not  precipitated  from  their  salutioiia  by  HCl  or  by  soluble 
nhlorides. 

The  precipitaWd  sulphides  of  the  metals  ot  Group  I  La.  dilTet  from 
thou  of  Group  Il.ti.  by  being  insoluble  both  in  Am,S  aud  in  KBO. 

H^  does  not  precipitate  the  mombera  of  thb  Group  from  strongly 
•cid  solution  readily  or  completely,  until  the  solution  baa  been 
■uitably  diluted  with  naler. 

The  Earer  Metal,  Palladium  (Pd).  belougs  to  Ibia  Group;  its  re- 
■Qtiona  »re  given  in  paragraphs  348-351. 


MaRCUBicim  <Hg"). — Use  Mercuric  chloride,  HgClj. 

378.  Mercury  forma  twa  aetios  of  compounds,  which  are  distin- 
(nislied  us  Mercuric  und  Mcrntroiu  uoinponnda.  Theau  Iwu  claaaes  of 
nempounds  bohave  differently  with  roDgnnla,  aud  the  metal  preeenl  in 
,lhem  may  be  distinctively  called  Jf«rcuri«viTV  Ktil  U«Ti.urovu.ih. 


A*  Uereurivniu  tho  metal  is  classeil  in  tliU  Group,  bnt  as  Mercuro- 
snm  it  ii  cUssni  in  Group  I.  In  pumgrap'"  386  and  387  tests  are 
girsD,  which  serre  to  diBCinguiBh  mercury  oi  Mtrcurosum  from  mercury 
u  Mercuric  um. 

279.  Hydrogen  sulphide,  H.,8 :  black  precipitate  (HgS). 
It  tiie  H^,S  solution  is  added  slowly,  the  precipitate  is  first 
'Chile,  then  broteti  or  orangr,  and  tiltimatoly  black.  The 
occurrence  of  these  changes  of  colour,  during  the  addition  of 
H.^$,  \a  cliaracteristic  of  mercuric  salts. 

Filter  off  the  precipitate  of  HgS,  and  wash  it  free  from 
dissolved  chlorides ;  then  place  portions  of  it  in  two  teel- 
hibes. 

Boil  one  of  these  portions  with  strong  HNO3,  the  precipi- 
tate wilt  not  be  dissolved ;  now  add  HCI  and  warm  again, 
the  precipitate  will  dissolve. 

BoQ  the  second  portion  with  AnL,S,  the  precipitate  will 
not  dissolve. 

Hence  HgS  is  insoluble  in  hot  strong  HNO,,  and  in  Am^S. 
It  is,  however,  easily  soluble  in  a  mixture  of  HNOj  and  HCI, 
which  is  known  as  aqua  regi'i. 

28O'  Stannous  chloride,  SnCl^ ;  .  white  precipitate 
(HgjCl.) :  if  an  excess  of  SnClj  is  added,  the  white  pre- 
cipitate becomes  grey :  the  grey  precipitate  consists  of  fine 
particles  of  Hg: — 

2ngCl.,  +  SuClj  =  Hg,CI,  +  SnCl, 
Hg..CU  +  SnCl...  =  2Hg  +  SnCl^ . 

Boil  the  liquid,  and  decant  it  from  the  grey  precipitate. 
Then  heat  the  precipitate  with  strong  HCI ;  the  Hg-particles 
will  usually  unite  to  globules,  which  are  visible  through  a 
lens  and  are  frequently  seen  even  by  the  naked  eye. 


z8l.  Copper,  Cu;  cleanse  a  small  strip  of  copper  sheet, 
or  a  copper  coin,  by  rubbing  it  witli"  sand-paper,  or  by  dip- 
ping it  into  strong  HNOg.  Immerse  it  in  some  HgCl^  solu- 
tion, which  has  been  acidified  by  the  addition  of  a  few  drops 


of  HCl.  The  Cu  will  become  coated  with  &  grey  film  of 
Eg:- 

HgCl,  +  Cu  =  ng  +  CuCt„. 

AUow  the  Cu  to  remain  immersed  in  the  Urjuid  (or  several 
miniitps,  then  remove  it,  dry  its  aurfar.e,  and  rab  it  with  a 
cloth  or  witli  a  piece  of  wash-leather.  The  Cu  will  appear 
more  or  leas  whitened  like  silver,  since  the  mercury  hns 
formed  an  amtilgam  with  it. 

The  lig  may  be  readily  driven  off  from  the  copper  by 
heating  it  strongly.  If  the  copper  is  heated  in  a  test-tube, 
or  better  in  a  small  hnrd-glass  tid>e  sealed  at  one  end,  a  sub- 
limate of  globules  of  Hg  will  form  upon  the  uool  Bides  of  the 
tube, 

Z82.  Heating  with  Sodium  carbonate,   Na^,003, — Dry 

Boroe  Bodium  ctirbonate  perfectly  by  heating  it  strongly  on 
platinum  foil  or  in  a  porcelain  dish.  Also  dry  tho  interior 
of  a  smnU  test-tuhe  by  heating  it  in  the  flame,  and  then  suck- 
ing out  tho  moist  air  by  a  glass  tube.  Mix  a  Utile  flncly- 
powderi'd  HgCr.  intimately  with  about  four  times  its  measure 
of  the  dry  and  finely -powdered  NaCO„.  Then  transfer  the 
mixture  into  the  tube  and  cover  it  with  a  layer  of  tlie  dry 
}Jb.,CO,. 

Now  cleanse  the  inside  of  the  tube  perfectly,  and  proceed 
to  Iiaat  the  upper  layer  of  Na„COj  strongly ;  gradually 
extend  the  heat  to  the  mixture  below,  while  tho  upper  layer 
is  maintnined  at  a  high  temperature.  Hg-vapour  will  be 
evolved,  and  will  condense  iii  globules  on  the  inside  of  the 
lube. 

Sometimes  the  globules  of  metal  are  so  small  that  they 
>ppear  as  a  grey  film  only ;  or  they  are  tew  and  scattered 
and  are  not  easily  visible.  In  eitlicr  case  the  mitiulo  globules 
Bay  usually  be  Uotected  by  means  of  a  pocket-lens ;  or  they 
may  he  united  into  larger  and  visible  globules  by  rubbing 
the  inside  of  the  tube  with  a  glass  rod.  Even  very  minute 
globules  may  bo  seen,  when  they  have  been  flattened  by 
Itteseing  them  with  a  glasa  rod  against  the  W3\d,%  q\  "Che  ^^N^n^. 
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Bemftrka, — The  powder  is  most  easily  transferred  to  the  tube,  by 
■IterDstet;  scooping  it  up  with  the  mouth  of  the  tube,  and  tApping  the 
tube  upou  the  table  so  u  to  ahake  the  powder  to  the  bottom. 

Or  the  powder  msy  be  poured  upon  &  narron-  strip  of  notepaper, 
which  hu  been  folded  over  into  a  trough,  and  the  i>Bper  may  be  then 
pushod  into  the  horizontal  tube  ;  if  the  tube  is  now  held  erect  and 
tapped,  the  powder  will  be  easily  traneferred  to  the  bottom  of  the  tube 
irithout  Boiling  the  ({lass. 

Doth  the  inside  of  the  tube  and  the  ]>owder  niuBt  1>e  perfectly  dry, 
else  ptrticlea  will  obstinately  adhere  to  tho  inside  of  the  tube  and 
interfere  with  the  detection  of  the  metallic  globules. 

The  heating  must  never  be  commenced  unljl  the  inside  of  the  tnhe 
is  perfectly  clean.  It  is  cleansed,  if  necessary,  by  means  of  a  twisted 
slip  of  flltor-paper  or  with  a  wooden  match. 

If  any  drops  of  water  condense  on  the  inside  of  the  tube  daring  the 
iirat  stage  of  the  heating,  they  mnat  bo  reuiovcd  by  a  piece  of  lilter- 
paper.  If,  however,  proper  care  has  been  taken  in  drying  the  powder, 
no  moisture  will  beevolTed  from  it.  Tho  escape  ofstosm  or  gases  from 
the  powder  ]»  very  audesirable,  as  it  is  likely  to  sweep  nncoadensed 
mercury  vapour  out  of  the  tube. 

2S3.  Heat  a  little  Solid  HgCl^  in  a  tube  closed  at  one 

end ;   the  siilstance  wil!   sublime  in  wliite  tumea,  showing 
that  mercury  compounds  are  volatile. 


Lbad  (Pb).— Use  Lead  acetate,  PbA.j.3H„0,  dissolved      J 
in  dilute  HA.  I 

284.  H^S:  black  precipitate  (PbS).  This  precipitate  is 
often  red  if  much  hydrochloric  acid  is  present  in  the  solu- 
tion ;  but  the  red  colour  changes  to  black  when  water  is 
added  and  U,,S  ia  passed,  or  when  H^iS- water  is  added. 

Filter,  and  allow  with  separate  poitiona  of  the  precipitate 
that  PbS  is  insoluble  in  KHO  and  in  Am^S,  but  is  soluble 
in  boiling  dilute  HNOj  ;  also  that  it  is  converted  by  boiling 
strong  ILNOa  into  white  insoluble  PbSOj. 

285.  HCl:  white  precipitate  (PbClJ,  which  forme  only  in 
cold  and  strong  solutions.  Boil  the  precipitate  with  sufli- 
cient  watBi ;  it  will  dissolve  :   but  the  PbClj  will  separate 
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again  ia  slendor  crystnle,  when  the  hot  aohition  is  slowly 
cooled. 

286.  HjSO,  :  white  precipitate  (PbSOj).  This  precipitate 
is  much  less  soluble  in  dilute  HgSO^  and  in  alcohol  than  it  ie 
in  water ;  hence  the  dUute  HjSOj  should  ha  added  in  excess 
tc  0  pretty  strong  solution  of  the  lead  aalt. 

Shake  up  the  liquid,  anil  pour  it  off  into  two  test-tubes ; 
let  the  liquid  stand  in  each  of  these  tubes  and  decant  it 
from  the  precipitate,  Stiow  that  the  precipitate  may  be 
dissolved  by  pouring  upon  it  HA,  or  H„T  solution,  and  then 
adding  AmHO  iu  excess  and  boiling;  show  also  that  it 
dissolves  iu  boiling  strong  HCl. 

287.  KXrO^,  or  K.Cr^O, :  yellow  precipitate  (PbCrOJ. 
Pour  off  the  liquid  with  the  precipitate  into  two  tubes,  and 
show  that  the  precipitate  is  soluble  in  KHO,  but  insoluble  in 
IIA. 

288.  Blowpipe-test  on  Charcoal. — Mix  some  powdered 
PbAySH^O  with  about  twice  aa  much  Na.;COj  in  a  cavity  on 
a  piece  of  charcoal ;  and  heat  the  mixture  in  the  inner 
blowpipe-flame  (Exp,  88,  IIO),  A  yellow  incrustation  will 
form  upon  the  surface  of  the  charcoal  around  the  mixture, 
and  small  lustrous  globules  of  Ph  will  be  seen  withiu  the 
cavity.  The  incrustation  ia  reailily  removed  by  heating  it 
in  the  inner  blowpipe -flame,  and  it  colours  the  flame  pale 
blue. 

Detach  one  of  the  metallic  globules  with  the  point  of  a 
knife,  place  it  on  the  flat  bottom  of  the  inverted  mortar ;  and 
strike  the  globule  a  smart  blow  with  the  pestle.  It  will 
flatten  out  without  cracking  or  breaking  into  powder,  showing 
that  Pb  is  malleable  and  not  brittk. 

If  one  of  the  cleansed  globules  is  fixed  upon  the  point  of  a 
penknife,  and  is  then  nibbed  with  gentle  friction  on  paper,  it 
will  mark  the  paper  as  a  blacklead  pencil  does. 
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REACTIONS   OF  THB  HETALS. 


[289-291.] 


BlSHUTH  (Bi).— Use  Bismuth  nitrate,  Bi(N03)3.5H.O, 
dissolved  in  dilute  HNO^. 

289.  KS  :  browniah-black  precipitate  (Bi.^S,)  :— 

2Bi{N0,),  +  3H5S  =  Bi„S,  +  6UNI V 

Decant  most  of  the  liquid  from  the  precipitate ;  then 
shake  up  the  precipitate  with  the  remainder,  pour  some  of 
the  liquid  with  the  precipitate  into  three  toat-tubes,  and 
ehow  that  the  precipitate  is  insohible  in  Ani..S  and  in  KlIO, 
but  soluble  in  strong  HNi.)^. 

290.  AmHO,  or  KHO :  white  precipitate  (BillgO^),  in- 
soluble in  excess  of  the  reagent.  Pour  olf  a  small  quantity 
of  the  liquid  and  precipitate  into  a  test-tube,  add  much 
AmllC  and  warm:  the  precipitate  will  remain  undissolved. 
Filter  off  the  rest  of  the  precipitate,  and  keep  it  for  the  reac- 
tion described  in  paragraph  291. 

agoa.  EHO  and  SuOL, :  mid  KHO  xoliitiontaSnClaSoluUcn  until  the 
)>T«cipitate  wliich  foniia^t  first  is  just  redis!ii>1rc(l,  thcii  add  afowdropii 
of  Bi(NOj),  solution :  a  binck  precipitate  ( BiO)  will  be  fonned. 

291.  H.fl,— Pour  a/ew  drops  of  boiling  dilute  HGl  upon 
the  precipitate  which  remained  in  the  filter  from  par.  290, 
and  allow  the  acid  solution  to  drop  from  the  funnel  into  a 
large  quantity  of  distilled  water.  A  milliiifiis  will  appear, 
which  is  due  to  the  fonuation  of  BitXJl:—  ^ 

BiCl,  +  H/)  =  BiOCl  +  2HCi .  I 

0  of  the  milky  liquid  into  two  toat-tubea;  add  to 


Po 


e  portion  a  little  strong  IIC!  and  warm  it,  the  precipitate 
will  dissolve;  to  the  other  portion  add  H/I'  and  warm,  the 
milkiness  will  remain,  differing  iu  this  way  from  that  caused 
by  SW  )Cl  (328). 

If  Bi  is  present  in  small  quantity  only,  this  milkiness  will 
often  not  appear  until  the  liquid  has  been  stirred  and 
allowed  to  stand  for  a  few  minutes. 
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A  Bimilar  precipitate  tnsy  be  oliUiiiMt  liy  allowing  the  angiii«l 
bianiuth  iiitrnte  solution  to  fait  drop  by  drop  into  much  water,  but 
the  nitrutti  is  loss  complcli.']]'  precipitnti^  by  mixture  with  exceH  of 
water  than  Iho  chloride  in. 

292-  K.,CrOj,  or  KjCr^O,,  added  after  some  strong  NaA 
solution,  gives  a  yellow  floccuUnt  prouipitato,  Il^CrO^)^. 
WiiL-n  KlIO  is  udJed,  the  procipitate  will  not  dissolve,  differ- 
ing in  this  way  from  PbCrOj,  It  will  disaolve,  however, 
completely  when  HCl  or  HNO;,  is  added  in  excess. 

Thd  addition  of  NaA  in  thu  aboTn  reaction  la  Decessavy  in  order  to 
rcpUoe  tho  nilriu  auid  iu  tho  original  liolutiou  by  HA.  ainoo  the  pre- 
cipltattt  is  readily  soluble  in  HNO„  but  is  insoluble  in  UA  i — 

NaA+HNOij-NaNOj+HA. 

293.  H.,SO, :  110  precipitate  :  difference  from  Pb. 

294.  Blowpipe-test  on  Charcoal — Heat  a  mixture  of 
powdeii'il  lli(N'  Ij)^  and  Na.fii  I3  in  a  cuvity  on  charcoal  in  the 
inner  blowpipe  flame.  There  will  be  seen  around  the  cavity 
%ii  incrustation  which  ia  oraii<js-r&l  while  hot  and  yellow 
when  cold.  White  globules  of  Bi  will  also  be  seen  within  the 
cavity ;  tliey  are  very  brittle  and  will  be  easily  crushed  to 
powder  by  a  sharp  blow  with  the  pestlo ;  they  are  too  hard 
to  mark  paper  (288). 
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CoprER  (Cu).— Use  Copper  sulphate,  CuSO^.SHjO. 

Two  olanaua  or  copper  salta  are  known,  which  are  comma uly  diatiu- 
gniahed  ns  cupric  and  ouproua  aalta  respeclivuly. 

Cuyric  ulU  are  usually  blue,  but  aouio  arc  grucn  ;  their  colour 
coinmouly  becomea  very  pale,  or  disappears,  when  the  salts  arc  thor- 
oil)(hly  freed  from  water  of  i^ryntallisnCiuD. 

Cuproua  salts  are  usually  wliitu  or  colourlcas.  Tlieir  acid  KalutioDS 
bAcome  coloured  iu  the  air;  they  yield  aproclpitato  of  vihU»C'&^'«V«& 
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BEACTIOKS  OF  THE  MBTAXS.  [295-300.] 

'   the;  ars  miiml  with  KI  soluEiou,  (Uid  yield  red  Cd,0   wlira  the; 
•n  mixed  with  KllO. 

Cnpria  oxide  U  blatt ;  cuiimiu  oxide  it  nd. 

295.  H^S  :  brownisli-liluck  precipitate  (CuS). 

Filter,  keeping  the  funnel  carefull;  covered  with  a  glass 
plate,  MDce  air  quickly  oxidises  CuS  to  CuSO^,  and  tlie 
CuSlJ^  diasolvQB  and  ruua  through  in  the  filtrate. 

Place  some  of  the  precipitate  in  five  test-tubes  and  show 
that  it  is  insoluble  in  K.UQ,  in  Am^S,  and  in  boiling  dilute 
H„SO„  hut  that  it  is  soluble  in  boihng  lINl.)^  and  in 
KCy  solution. 

296.  AmHO,  if  it  ia  added  in  a  diluted  static  and  in  very 
small  quantity,  gives  a  'jremitlMue  precipitate.  If  more 
AmHO  is  added,  tliis  precipitate  dissolves,  yielding  an 
intetieely  blue  liquid.  The  solution  becomes  light  blue  again 
when  an  acid  is  added  in  excess. 


397.  KHO  )>roJui:es  a  l>alo  blue  Mut'ouleul  11: 
black  trlmii  the  liituid  19  healed. 


297a,   HjSO^;  u 


:ipiUf 


which  hoc  on 


298.  PotasBium  ferrocyamde,  K^FeCy,;:  reddish-brown 
precipitate  (Cu^.t'eCy^),  insolubie  in  HA ;  the  colour  of  this 
precipitate  is  best  seen  when  the  reaction  is  tried  in  a  white 
porcelain  dish.  In  a  venj  dilute  copper  solution  only  a  red- 
disli  colour  is  seen  at  first  when  tlio  ferrocyanide  solution 
is  added. 

299.  Pe. — Pohsh  a  piece  of  steel  or  iron  wire  or  sheet,  or 
the  blade  of  a  penknife,  by  rubbing  it  with  sand-paper,  re- 
move all  grease  by  boiling  it  in  a  liLtledilute  KHO;  then 
dip  it  into  CuSO,  eolutioii,  which  has  been  acidified  with  a 
few  drops  of  H^SO, ;  the  immersed  surface  will  be  gradually 
covered  with  a  red  film  of  Cu. 


,  Zn  and  Pt. — Place  a  piece  of  platinum  foil  or  wire  in 
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Bome  CuSOj  solution,  which  has  been  acidified  with  HoSO^  in 
a  parceloiu  di^h  or  ia  u  watch-glass:  then  <lrop  a  emuU  piec<i 
of  Zn  U])on  the  platinum :  a  red  film  of  Cu  will  bo  deposited 
upon  the  platinum. 

301.  Blowpipe-test  on  Charcoal.  —  If  finely-powdered 
CuSOj-Sn^O  and  NajCC)^  arc  mixed  in  a  cavity  on  charcoal, 
and  the  mixture  is  then  heated  in  the  inner  blowpipe-flame, 
red  Bcales  or  globules  of  Cu  are  obtained.  These  are  best 
Been  after  they  have  been  washed  by  levigation  (ill).  The 
&dditioa  of  solid  KCy  facilitates  the  smelting  process,  aud 
enables  globules  of  copper  to  be  obtained, 

302.  A  Borax.bead  containing  Cu  is  <jreen  whOu  hot  and 
Hue  when  cold,  after  it  has  baen  fused  in  the  outer  blowpipe- 
Fusion  in  the  inner  blowpipe-flame  causes  the  bead  to 

become  red  ;  it  may  even  become  coloiaieng,  if  very  little  Cu 
is  present  and  the  bead  is  long  heated  in  a  good  reducing 
flame  :  the  introduction  of  a  small  fragment  of  Zn  or  Sn  into 
tlie  bead  aids  tiiis  change. 

303.  Plame  Coloration. — If  a  loop  of  platinum  wire  is 
dipped  into  CuSO,  solution  and  is  then  held  in  the  inner 
blowpipo-flame,  or  in  the  Bunsen-flame,  it  imparts  a  ffretm 
coloration  to  the  flamt;. 

The  Uame  coloration  shows  a  blue  centre  after  the  loop  has 
been  moistened  with  llCl,  or  if  CuCI^  solution  was  originally 
used. 
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sulphate,  CdSO^.iH^O. 


cipifcate  into  five  tubes. 

ineoluble  in  Aia^S,  in   KHO  nnd  in  KCy  solation,  but  ia 

water  and  psM  H,_,S  for  a  abort  time  :  yeUow  CdS  will  be 


amall  quantity,  gives  a  white  precipitate  (CdH^Oj);  when 
flolved. 


iH  mixed  with  Na,_,CO,,  in    a   cavity  on  charcoal,   and    the 
incniststion  will    be   seen    on  tlic  snrface  of    the    charcoal 
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The  precipitate  is  then  examined  by  Table  IT,  (1024),  com- 
mencing at  Group  II.a.,  Copper  Group  (1025),  and  using  only 
the  left-hand  side  of  the  Table. 


GROUP  ir.B.— ARSENIC  GROUP. 

311.  This  Group  includes  Ab^  Sb,  Sn,  I 

Tlin  metals  of  this  GranpdiCTcr  rroiii  metftli!  of  Groups  III.a.,  Ill.n., 
IV.,  »Dd  v.,  hy  being  preaipiUtcd  as  sulptiidcii  by  H^  fiom  a  solution 
wUivli  his  bem  acidiSed  with  HOI.  Thpj  dilFer  ftom  nielsls  of  Group 
I,  by  not  being  precipitated  liy  HCl, 

The  sulphiitea  of  the  metals  of  this  Group  dilTcr  from  those  of  the 
mebilBin  Group  II.A.  by  beiug  solubia  in  Aul^q  iiid  in  KHO. 

Eacli  nietal  of  this  Group  forms  tno  series  ot  caiupouiida.  Tti«ie 
compounds  resemble  eai:Ii  other  in  msnj  reactions,  but  they  present 
certain  diflerencea  which  serve  to  distinguish  them.  The  two  oluwa 
nre  couveniently  diatinguished  by  the  tenninationa  -ic  and  -aui,  as  in 
the  two  classeg  oF  meruary  and  copper  salts  :  thns  we  speak  of  ancuie 
iicid  and  arseniutijt  ncii!,  and  of  stsnnoiu  nnJ  staiiu^  chloride. 

The  Beaotiani  ol  the  Barer  Elements  of  this  Group,  Au,  Ft,  Mo, 
8e,  Te,  are  given  in  paragraphs  352-378. 


Arsenicum  (As). --Use  Arsenlous  oxide,  Aa„Oy,  and 
Sodium  arsenate,  NaJHAB0^.12HaU' 

The  Arsenioui  compound,  As^.O^,  is  dissolved  by  boil- 
ing it  for  some  time  with  wpter;  the  Arsenic  compound, 
NajHAsOj.iaH^.O,  is  also  dissolved  in  water. 

313.  Tha  tests  described  in  pniagrnphi  313-331  give  the  sams 
nliimate  result  with  au  srscnf«  compound  as  with  an  anenious  com- 
ponnd.  As  a  rule,  however,  the  reaction  proceeds  slowly  with  an 
uraenfe  componod,  since  tho  Rrat  stagu  consists  in  tlie  conversion  of  the 
arsenic  compound  into  an  arsenioiii  compound. 

An  ar*ent«  compound  ia  couvoited  into  an  arseniotu  compound  by 
balling  it  with  H^O,  solution,  with  strong  HC\,  a\  «\V\v  vtnw  Q'^'n 
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reducing  agent.  Aii  arseni(?tM  compomii!  it  converted  into  an  araenic 
compaond  hj  lirating  it  with  HNO,,  or  nith  loine  other  oifdiaing 
•gent.  I 

313.  HjB  produces  only   a  yellow   coloration   in    neutral  I 
solution  of  an  arseniotts  comjxmnd.     But  if  the  eolution  is  | 
acidified  with  a  few  drops  of  nCl,  a  light  yellow  Hocnulent 
precipitate  (As.Sj)  will  form  immediately,  even  in  the  cold,      j 

Filter  off  Homa  of  the  As^S^,  and  ehow  that  it  is  insoluble  i 
in  boiling  strong  HCI.  I 

Pout  some  of  the  liquid  containing  the  precipitate  into 
two  test-tubea,  and  add  gradually  KUO  and  AnL.S  respec- 
tively ;  each  of  these  solutions  will  oomplotely  dissolve  the 
AsjSj.  The  AsjSj  may  be  re  precipitated  from  these  solu- 
tions by  the  addition  of  HCI  in  excess, 

Id  cold  acidified  solutions  of  arsenic  eompounds  U„8  pro- 
duces no  precipitate,  liut  if  strong  HCI  is  added  and  the 
solution  is  boiled,  H.^S  will  produce  a  precipitate  of  white  S, 
and  then  one  of  yellow  Ab,^,,  when  it  is  pnaeed  for  some 
time  into  the  boiling  liquid. 

The  complete  precipitation  of  araemV  solutions  by  H^S  ia 
most  rapidly  effected,  it  they  have  been  first  converted  into 
the  araeniotw  state.  This  may  bo  effected  by  adding  H.jSOg 
to  the  boiling  arsent'c  solution  until  it  smells  persistently  of 
SOj,  and  then  boiling  the  liquid  until  SC)„  is  no  longer 
smelt.  The  arscnious  compound  thus  produced  may  then  he 
readUy  and  completely  precipitated  by  H^S  in  the  cold  solution. 

314.  Keinscb's  Test, — Several  narrow  strips  of  sheet 
copper  are  cleansed  by  means  of  sand-paper,  or  by  dipping 
them  into  strong  ITNOj.  Thoy  are  then  boiled  in  the 
araenious  solution,  which  has  been  previously  acidified  by 
dilute  HCL  The  surface  of  the  copper  itill  soon  be  coaled 
with  a  dark  grey  film  of  AsXu^. 

The  strips  are  carefully  removed  from  the  liquid,  rinsed, 
and  gently  pressed  between  filter-paper  ;  they  are  then  dried 
by  heating  them  in  the  steam-oven,  or  by  holding  them 
in  the  fingers  and  heating  them  gently  over  the  flame.  The 
■fb!'"' 
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dry  stripe  8 
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)  then  gradually  heated  over  a  very  Braall  flame 
in  a  warm  and  'Iry  test-tube.  A  white  suhlimata  of  AsjO, 
will  form  on  the  upper  part  of  the  tube. 

A  much  more  chamctoriBtic  subhmate  will  be  ohtained,  if 
moisture  is  entirely  removed  from  the  coppor  strips  and  tram 
the  tube,  and  if  the  auhlimation 
is  then  effected  very  slowly,  and  f'"-  '^P 

lehile  the  aides  of  t/if  tube  are  hot. 
This  mibiimatewill  be  sparkling  and 
crystalline ;  and  if  the  crystals  arc 
examined  under  the  microscope, 
they  will  be  seen  to  be  transparent, 
colourless,  regular  octahedra  and 
tetrahedra(fig.  69).  The  formation 
of  these  crystals  under  tjie  above 
conditions  la  a  most  valuable  con- 
firmation of  the  presence  of  As. 

The    sublimate    of   A^jOj   may 
be    dissolved    in    a    little   boiling 

water,  and  the  presence  of  As  may  he  confirmed  by  apply- 
ing tefts  313  and  323  to  this  solution. 

Tho  presence  of  Aa  in  the  original  grey  ilepOEiit  upon  tliii  On  should 
always  be  oonfirmed  bj  one  of  tlit  above  metboda,  aince  ntlier  inr:tnl« 
may  be  dopoBiWd  as  grey  fdnia  on  Cu. 

ReinKh'i  tfst  will  ssrvc  for  the  detection  of  arsenic  eompounils,  after 
their  Bolutions  have  lieon  reduced  to  arsenious  conipounds  by  beiiiB 
mixed  nitli  strong  HC1  or  with  H^O,  soliition  and  bailcil. 
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Tb8Tb  wbtch  naPEND  opon  the  Fobmation  of  Absbnic 

HIDRIDG   (AsH,). 

Tb«  fallowing  tiuts  (315-319),  which  depend  ii]Kin  the  foTmatioD  of 
v»y  pouotumi  AsHj  gnu,  uliould  ba  perfoniieil  in  a  eloaet  providad 
with  a  good  drnught ;  thia  i>reraiition  it  iiccGBsary  in  order  to  guard 
against  any  of  the  gus  bctn^  inhaled. 

315.  Hofmaiui's    Test.— Pour    dilute    IICl    u^u    waTOa 


KEACTIONS  OP  THE   METALS. 


.   a    Bmall    liydrogen-fla«k,    fitted 


[JIB.] 


The  hyilrogan  may  be  waaliwl,  as  it  cscnpes,  hy  letting  it  bnhtilo 
through  some  water  eontainoJ  in  Iho  aeconil  llaak,  but  tlila  is  not 

Allow  the  hydrogen  to  pass  through  some  AgNOj  aolution 
contained  in  a  tost-tuTie.      U  the  Zn  nnd  acid  are  free  from 


HOTMAHN'a  Absknic  Apparatos. 

As,  as  they  should  bo,  no  precipitate  or  colour  wilt  bo  pro- J 
duced  in  the  AgNOj,  sohition, 

Now  pour  a  l.iiUe  As.,0,  solution  down  the  funnel  intQ 
the  hydrogen  Rask ;  a  black  precipitate  of  Ag  will  form  i 
the  AgNl.lj  solution. 

This  precipitntB  ia  produced  by  tho  AsHj,  which  is  formed  by  tl 
nction  of  the  mucent  hydri^n  upon  the  AajO, : — 
A»a03  +  12H  -  2AnH,  +  SHjO . 
Tho  AaHj.  on  pasaiug  into  the  AgNO;,  solution,  ri>acls  tliua  ;- 

AsI!j  +  6AgNO,  +  3H50  =  eAg  +  HiAsO,  +  6HHO,. 
It  will  be  seen  tlmt  Ag  is  jircoipitntcci,  while  H^AsO,  retniina  i 


As  Goon  as  a  copio 
test-tube  is  removed. 


<  precipitate  has  been  ohtiiined,  the 


asoup  n.R — ARSKSicuM.  ni 

It  nill  ho  heft  tn  net  fuide  thp  tnC-tiiba  witli  iU  (^ontPiit!i  to  he  sz- 
nmined  Bftcrwsrds,  nnd  to  proceed  nt  onne  to  use  the  gas,  while  it  is 
being  briakly  erolved,  for  reactioua  316  nnd  317. 

The  liquid  in  the  teat-tube  ia  filtered ;  the  precipitate  is 
rejected,  and  several  drops  of  AgNOg  solution  are  added  to 
the  clear  filtrate.  Some  very  dilute  solution  of  aramocia 
18  made  by  pouring  several  drops  of  AniHO  solution  into 
n  test  tube,  then  nearly  filling  up  with  distilled  water  and 
inverting  the  tube.  When  tbia  solution  is  mixed  drop  by 
drop  with  the  filtrate,  a  light  yellow  precipitate  (AggAsOg 
or  AgjHAsOg)  will  be  obtained. 

In  order  to  explain  the  formntioii  of  thii  prodpitate,  it  mtiBt  be 
rMnembercd  th«[  tha  eoliiiioo  contains  H,AsO,  in  Ihe  presanefi  of 
AcNO,  anil  of  HNO,  :  aud  further  that  AgNO,  forma  a  yellon  preci- 
liitate  with  Hi^O,  if  no  freo  ni^id  is  prasent  in  tho  linnid  (333). 
The  formation  of  thin  [irenlpitate  it  prevented  by  tho  HKO„.  lint 
vhcn  anfUciant  AmKO  is  abided  to  neutralise  tho  free  HNO,  which  ia 
alre*ly  preaant,  ns  well  ns  thnt  wliirh  U  t0mii.1l  by  tho  nution  of 
AgHO,  on  HgAaO,,  the  yellow  [ireuipitate  will  appear : — 

H,Aa03  +  3AgNO,  +  3AniHO-Ag,AaOj  +  3AmNO.,  +  8H,0. 
This  precipitate  (AgjAsOj)  ia,  however,   roaiiily  soluble  in  AmHO  ; 
hence  it  is  ueceesary  to  use  ver}/  ililvtt  AmHO  and  to  a<ld  it  grndoally, 
in  order  to  avoid  escesa  ;  since,  if  excoas  of  AmHO  were  addoil,  tho 
precipitate  would  be  preventtd  from  fonuiug. 

316.  Marsh's  TeBt.—DtRcoiuiect  the  flD«kB  (fig.  70),  and 

slip  into  the  rubber  joint  a  tube  of  hatd-glaea  about  four 
inches  in  length,  supporting  it  on  the  ring  of  a  retort-stand 
(fig.  71).  Then  pour  in  a  little  strong  HCl  through  the 
fnnneltnbe. 

Caution, — If  the  experiment  ia  performed  aa  ia  here  directed,  the 
hydrogen  will  have  been  already  evolved  for  some  time  fnr  the  previous 
twt(3I5),  nnd  will  have  expelled  nil  the  air  from  tho  flnslt.  There  will 
therefore  be  no  risk  of  hd  oxploaion  occurring  when  the  gas  ia  tightcil. 

But  il  the  hydrogen  ia  being  pmducmL  for  the  lirat  time,  or  if  the  llnak 
has  boco  opened  or  rrcharged,  allow  the  gna  t«  esonpe  briskly  for  four 
or  Bve  minnti^a ;  and  then  aacartaiii  that  n  teat-lilb'.  flUed  with  the 
gM,  bnrns  qnictly,  liefore  proceeding  to  kindle  the  gaa  at  the  jet.  In 
any  case  it  is  well  to  cover  the  finak  with  a  cloth  boforo  the  hydrogen  ia 
kindled,  in  order  to  guard  against  any  riaki  from  kn  eiL^VAvtm  ^,'y^ 
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Now  light  the  hydrogen  ae  it  eecapea  from  the  jet  (fig.  71)- 
The  flame  will  be  seen  to  differ  from  that  of  pure  H  by  ita 
hvid  blue  colour,  and  by  its  eTolution  of  white  fumes  of 
Aa.jO,.  If  these  appearances  are  not  noticed,  there  is  not 
fluflicient  arsenic  solution  in  the  flask.  A  little  more  of  the 
solntion  must,  therefore, 
be  poured  in  through  the 
funnel-tube. 

Press  down  upon  the 
flame  the  inside  of  a  por- 
celain crucible  lid  or  of  a 
porcelain  crucible  or  dish. 
A  dusky  black  film  of  As 
will  be  deposited  upon  the 
cool  surface.  Two  porce- 
lain surfaces  should  be 
Mabsb's  absbkic  MiRRon.  thus  stained  with  As. 

Pour  upon  one  of  these 
stains  aome  freshly  made  solution  of  bleaching-powdor  ;  the 
stain  will  be  rapidly  dissolved. 

Warm  the  second  stain  of  As  with  Am^S.  It  will 
dissolve,  and  the  solution  will  leave  yetlmn  AsgSg  when  it  ie 
slowly  evaporated. 

317.  DecompoBitioQ  of  AsH,  by  Heat.— Pour  a  little  j 
more  strong  HCl  into  the  flask  (fig.  71),  if  uoce 
order  to  cause  the  hydrogen  to  come  off  rapidly.  Light  the  J 
gas  at  the  jet,  and  heat  a  point  near  the  middle  of  the  tube  4 
strongly  (fig.  71).  A  black  mirror  of  As  will  form  juatl 
beyond  the  part  which  is  heated  by  the  flame.  The  flanA  J 
burning  at  the  jet  will  meanwhile  become  colourless,  showing fl 
that  the  arsenic  has  been  removed  from  the  hydrogen. 

Heat  another  point  in  the  tube,  so  as  to  produce  a  si 
mirror;  then  divide  the  tube  between  the  mirrors. 

Dissolve  one  mirror,  when  it  is  cold,  by  warming  it  with 
Eomo  fresh  solution  of  bleaching- powder  in  a  test-tube. 

Heat  the  other  mirror  gently  in  a  test-tube  held  obliquely 
jn  the  flame ;  if  the  sides  of  the  tube  have  been  first  heated, 
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a  crysliaUine  sublimate  of  As^Og  will  be  obtained  (fig.  69,  p. 
109).  DIbsoIyq  the  cold  sublimate  in  a  little  hot  water,  and 
con£na  the  presence  of  As  by  trying  reactions  312  and 
323  on  the  solution, 

318.  HgCl^  BOlution  ia  coloured  by  contact  with  AsHj. 
Kumove  the  cork  from  the  larger  flaak  (lig.  70,  p.  170)  and 

(lusli  a  plug  of  cotton- wool  into  its  neck,  in  order  to  stop  any 
spirting  from  the  liquid  in  the  flaak.  Then  cover  the  mouth 
of  the  fiask  with  a  smaU  piece  of  filter-paper,  which  has 
been  moistened  with  HgCl.j  aolution  ;  the  paper  will  become 
oolouied,  first  yellote  and  then  brovm. 

If  paper  moistened  with  AgNOj  Bolution  is  substituted  for 
the  above  paper,  it  will  be  blackened  (315)- 

319.  Fleitmaim'fl  Test. — Boil  some  pieces  of  Zn  in  KHO 
eolutjon :  H  will  be  slowly  evolved,  and  will  be  free  from 
odour.  If  a  little  Aa^O^  solution  is  now  added,  and  the 
liquid  IB  f^in  boiled,  u  garlic  odour  will  be  perceptible; 
the  odour  will  be  caused  by  the  evolution  of  AeHg: — 

j  Zn  +  2KH0  =  H.J  +  ZuKfi.j . 
\  Asp,,  +  12n  =  2AsH^  -I-  3H5O  , 

If  a  small  piece  of  filter-paper,  which  has  been  moistened 
with  AgNOj  solution,  is  placed  on  the  mouth  of  the  tube 
while  the  liquid  is  being  boiled,  the  paper  will  bo  stained 
block  by  the  separation  of  Ag  (315)- 

An  aiteuic  caruiiouod  wual  be  reduced,  hj  being  boilod  witli  HgSUj, 
bsfora  the  above  test  is  applied. 

8b  compoimda  do  not  give  tku  above  reault ;  the  twt  tlionfore  tarvea 
to  diBtinguUli  betneen  Aa  and  Sb, 


Rbactio»8  of  Solid  Abbbnic  Cohpoumdb, 

320.  Mirror  of  As  by  Eeduction, — Dry  some  finely- 
powdered  substance  containing  As  thuroughly  in  tlie  steam 
OTan,  and  mix  it  intimately  in  a  mortur  witii   alHtuL  fo^u 
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times  its  tneasore  of  b  fieahlj  ignited  mixtTue  of  EC7  and 
Na^CO^  Heat  this  mixture  iu  a  little  bulb-tube  of  hani 
glass  (Gg.  72),  or  in  a  narrow  test-tube  about  three  iuclies  in 
length,  carefully  observing   the   precautions   mentioned    in 


Fie.  73. 


Ahsbhic  M|{ 


H  Solid  Asbenic  Comfodkd. 


paragraph  282.      A  black  mirror  of  As  will  form  on  the  ] 
cooler  part  of    the    tube  (6),  and    a   smell   of  garlic   may 
usually  be  detected  at  the  mouth  of  the  lube. 

II  the  btilb  is  cut  off  and  the  ■nirror  is  gently  heated  in  I 
a  tusl'tube,  the  As  will  be  converted  into  a  wlute  sublimate  J 
of  As.jOg,  or  into  transparent  octahedral  crystals  of  the  j 
oxide  (%  69,  p.  169). 

321.  Blowpipe-reaction  on  Charcoal, — Mix  a  sohd  sub- 
stance containing  Aa  with  Na.CO^  and  KCy,  and  heat  the  I 
mixture  ou  charcoal  in  the  inner  blowptpe-Haiue.  The  tlame  1 
will  be  coloured  tind  hliie,  unless  this  tint  is  overpowered  | 
by  the  yellow  sodium  coloratiou.  A  smell  of  garlic  will  be  j 
noticed  when  llie  cliarcoal  is  removed  from  the  flame. 


322.  Heat  a  little  Solid  Ab^O^  iu  a  small  ignition-tube :  I 
it  will  bo  readily  sublimed.  If  the  AsjOg  is  perfectly  dry,  ■ 
and  it  is  sublimed  very  slowly  after  the  upper  ]iart  of  thaj 
tube  has  been  first  heated  in  the  flame,  the  sublimate  wiUl 
sparkle ;  and  when  it  is  examined  uuder  the  microscoiK,  it  3 
will  be  seen  to  consist  of  octahedral  crystals  (fig.  69,  p.  169), 
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DBTINCTIVE  TESl'S  FOB  ARSKSWI/S  AND  AJtSEH/C  COWPOUSDS. 

1 

,U«u., 

tr„'^^3t»^|';'^1SVo- 

'asr& 

1 

333-     AeNO,; 

Lighl  if^I^io  pr«riytfo(e 

Mvaral  dropH 

(AfeHAsO-oiAfcABO,): 

lAg,AaOJ :      »liow 

that   it    ia   soluble 

ojily  wlion  ■  little  diluU 

i..   ArnHO   and  in 

AmHO  i=  added  carefully 

HNO,. 

drop    by    drop:*     sliow 

tli.t    it  is  dissolved   by 

AmHO  and  by  HNO,. 

d.'.Jrtl'iu'^&.i 

bu  bena  nilded,  th«  preclpl- 

UtB  will  not   olinya  lonn 

whEU  the  liquid  Is  reutril- 
lacd  with  HH'Oj 

m 

324-    o^so*; 

yellawith-green  pridpilaU 
(Cu"HAbO,):  this  preci- 

(CuHAbO.I:  Bohiblu 

■ 

8GVL-riil  drops 

ouly          :u,t 

piUtB   forma  ouly   wben 

ill   AmHO   and  in 

added. 

dilute  AmHO  U   added 
larefully,  drop  fay  drup  :  * 
shoiv  ibst  it  is  solublo  in 
AmHO  and  in  HNOa- 

HNO, 

325.      OuSO. : 

Tbt  above  yelluwisb-grcen 

No  (dear  blue   solu- 

precipilala    ia   ficat   pro- 
diioed,   faut   when    more 

lion    ia    obtiuued. 

added,       d/id 

and    no    Cu^O    is 

thoti        same 

KHO  ifl  added  tlia  proci- 

produced  wben  the 
li,|uid  i«  boiled. 

KHO. 

i.iute  disBolvKS  to  a  clear 
hint  liquid,  nnd  tlis  de- 

^ 

poaiu  rtd  Cn-O  irben  it 

■ 

Is  boil«l. 

■ 

326.        Am31, 

So  preuipitaW. 

Whiteerystalliiiopre- 

V 

AmHO,     iLud 

,:ipiUte(MBAniAsOJ: 
if  this  is  filtered  olf, 

MgSO.; 

with   AiiNO,   aolu- 

tiou  ou   the  filter. 

it  nsaua.™  a  browu. 

00!  our  (333). 

•  mm  AM),  la  dtoQlved  lu  w.tor,  it  ylold.  HHAaO,;  uid  thl>  acid  cuiDa 

mseut  miut  b«  kdd«d  cuvrully  In  i,uaiillty  ouly  Jiul  gufficlsnt  tu  DsutnllM 
tin  Hid.    Tbia  li  b»t  elliclsd  by  using  mv  dilaU  AmUO.  vhloh  bi»  biiea 

buuIb  hy  poorLng  a  tew  drupi  of  AmHO  Inlu  a  tatt-lnbe,  than  tlUlng  the  tube 

two-tlilnli  with  dbtlllod  wlur,  cloidng  it  with  the  thumb,  ud  lDO«tU«]|,'&  V« 

K  mamenl.    Ilili  dilute  AmHO  1>  to  be  wltlHt  diao  bi  ditiv,  i\iiUt>%  m  i\\>-v\n<t 

fl 

REACTIONS  OF   THE   MKTALS.  [327-329.J': 


ANTtHONT  (Sb). — Us8  iVntimony  chloride,  SbCIj, 
dissolved  in  dilute  HCl. 

Aniimoni'c  and  antimoni'oiM  compounds  give  msulta,  uhiuL 
ultimaUl;  iiieulicnt,  in  iLu  following  isactioua  (327-335),  »ith  tho 
viceptiou  of  teactiDD  328.  After  tlieae  reactiouB,  which  are  cotamon 
tu  SI)  ID  botli  its  sets  of  CDlDpounda,  two  are  ijivvD  whii^h  aie  distiuc- 
th'Bof  till)  two  olsasesof  coinpouuils  (336,  337). 

327-  H.^S  :  orange-red  precipitate  (SK8^),  Pour  off  tlia  1 
liquid  with  the  precipitate  iuto  three  tubes,  and  show  that  1 
the  precipitate  is  dissolved  \vheu  it  is  warmed  with  puraf 
KHO  or  with  Am.^S,  but  is  repreoi]jitalad  from  these  sola-J 
tions  wheu  HCl  is  added  in  excess  Show  also  that  th&J 
precipitate  is  soluble  in  boiling  strong  ECI, 

328  H.^0, — When  ShClg  solution  is  poured  iuto  muet 
water,  it  yields  a  wliite  precipitate  or  turbidity  (SbOCl),  I 
This  precipitate  is  redisaolved,  when  HCl  is  added  to  thai 
iiqidd,  and  it  is  heated:  it  ia  also  readily  soluble  in  H^T.J 
The  solubility  of  ShOCl  in  II.T  distinguiahes  it  from  tho  ! 
similarly  formed  BiOCl  precipitate  (291). 

329.  Zn  and  Ft.  —If  the  acid  solution  of  SbCI^  is  poured 
upon  some  platinum-foil  in  a  porcelain  dish,  and  a  small 
piece  of  Zii  ia  dropped  upon  the  foil,  the  platiinim  will  be 
rapidly  coated  with  a  bUck  deposit  of  Sb.  If  the  foil  is 
rinsed  with  water  and  is  then  heated  in  boiling  HCl,  the 
slain  will  remain  undissolved;  but  it  will  be  rapidly  removed 
by  heating  the  foil  in  boiling  HMO^, 

The  formation  of  a  shght  grey  or  brown  stain  on  the  Pt  is 
no  evidence  of  the  presence  of  Sb.  The  presence  of  Sb  in 
the  stain  may  be  proved  by  dissolving  it  in  a  httle  boilbg 
dilute  HNCI3,  diluting  the  cold  solution,  and  then  passing 
H.,S  through  the  solution  and  allowing  it  to  stand  at  rest  for 
some  time,  when  red  Sh„S,  will  settle  down. 


I 


[330-S82.]  GROUP   n.B. — ANTIMONT. 


Tbsts  which  dbpskd  upon  thh  Formation  ov 

ASTtMONT    HVDBIDB. 

SbHj  may  bo  gemiriited  by  panriiig  Sb-solution  into  n  hj-droL 
apparatns,  as  is  dirL-rted  in  psragmpliB  315-318  for  bd  arapnic  aohilion. 
AnlimoDy  hydrida  (SbH,)  is  Bvolved.  Thia  gaa  ditfers  from  AsHj  by 
being  free  Trom  amcH  atid  from  poisonaiis  properties,  and  also  in  the 
reapects  mentioued  in  paragtapIiB  330-333. 

330.  If  SbH^  is  passed  into  AgNO^  solution  (315),  it 
|>roduces  a  black  precipitate  (SbAg„) : — 

SbHg  +  3  AgNOa  =  SbAgg  +  3HNO3 . 

Filter  off  this  precipitate,  aud  reject  the  filtrnto,  wJiich 
vill  contain  no  Sb. 

Wash  the  precipitate  of  BbAg,,  four  or  fire  times  with 
boiling  water  upon  the  filter.  Then  pour  upon  it  boiling 
dilute  H„T  solution,  which  will  dissolve  the  Sb,  Receive 
the  liquid  in  a  test-tnhe,  boil  it,  and  pour  it  once  mora 
upon  the  filter.  Now  add  HCl  to  the  liquid,  filter  if  neces- 
sary from  AgCl,  and  pass  n.,S  into  the  acid  solution  ;  otsnge- 
reJ  SKS.,  will  bo  precipitated. 

331.  A  Stain  of  Sb  on  Porcelain,  which  has  been  pro- 
duced in  the  manner  already  described  in  ])aragrapli  316, 
differs  from  the  Aa-stain  by  presenting  a  detul  surface  and 
by  bting  insoluble  in  aoiution  of  bleaching- powder.  Also 
when  the  stain  is  dissolved  by  warming  it  with  Am^S,  and 
the  solution  is  evaporated  by  a  gentle  heat,  a  residue  of 
orangv-red  Sb.jSj  is  left. 

332.  The  Sb-mirror,  obtained  as  is  described  in  pora- 
grapii  317,  'lifTers  from  the  Aa-mirror  by  being  formed  much 
nearer  to  the  flnme,  aud  on  both  sides  of  the  heated  part  of 
the  tube,  This  provps  that  Sb  ia  loss  volatile  than  As.  The 
mirror  may  further  bo  distinguished  by  the  test  which  is 
described  in  paragraph  331. 

The  snblimate  of  Sh.,Oai  which  is  produced  by  heating  U'^ 
mirror  in  the  air,  ilifTers  from  the  c 


I 
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limate  (317)  by  being  inaoluhlo  in  boiling  water.  The  sub- 
limate may,  however,  be  dissolved  in  a  little  boiling  HCI. 
Tliis  acid  solution  yields  an  orany-ri'ii  precipitate  (Sb.,Sg) 
when  H^,S  is  passed  into  it;  whereas  the  solution  of  the 
As„Oj  sublimate  yields  yellow  As^Sg  under  similar  conditions. 

333.  HgOIy— If  SbH,  is  allowed  to  act  npon  filter-papor  moiatened 
with  IlgCl,  Bolution,  b9  ia  deBcribwl  in  paragraph  318,  it  prodncea  only 
n  greyiih-broicn  atain,  and  this  ia  ddI  a  characteristic  result. 

334.  Zn  and  EHO.— If  a  aolutioii  rautainitig  31)  ia  boiI»i  with  En 
and  KHO,  it  (toas  not  evolve  SbH,;  henoe  the  escaping  hydrogen  doea 
not  atain  paper  moistened  with  AgNO^  solution  {319).  This  test,  scrve« 
to  diHtiiiguiah  Ab  from  Sb  in  ita  conipoanda. 

Tb3t  for  Solid  Compodnds  op  Sb. 

335.  Blowpipe-test  on  CharcoaL  —  Mix  a  little  solid 
aubstaiice  containing  Sb  in  a  cavity  on  wood -charcoal  with 
Na,,COjj  and  KCy.  Heat  the  mixture  in  the  inner  blow- 
pipo-flame.  A  white  incrustation  will  be  formed  on  the 
charcoal ;  and  white  globules  of  metallic  Sb  will  bo  obtained, 
wliich  are  extremely  brittle.  The  flame  will  also  he  coloured 
pale  blue,  unless  this  tint  is  concealed  by  the  yellow  sodiam  I 
coloration. 

"When  the  melted  Sb  globules  are  withdrawn  from  t 
flame,  they  will  emit  a  white  smoke  and  become  coated  viti 
sharp  white  crystals  of  Sb./Jj, 

For  the  Diatinctire  Testa  for  AntimonionB  and  Antimonia  oom>l 

pounda  (336.   337]   usp   SI1CI3  solution,  and   solution   of  potasrium  ■ 

CHpocliTaly. 


[338,339.] 


GROUP   II.B.— TIN. 


Tin  {Sti) — Stajmoaam  and  Slannicum. 

Use  Stannous  chbriile,  SnCl3.2H20,  and  Stannic  chloride, 
8liCl| ;  dissolving  each  of  these  salts  in  dilute  ECl. 

338  and  339i{ivo  ultimatal;  tlic  aama  rcsuIlHtvitb  bath 
iiids.    RcKctious  340,  341,  and  342  serve  to 


diiitiuguisU  itJinDDCia  fro 

in  the  presence  of  stannic  salts. 

338.  Zinc,  when  it  is  immersed  in  the  solution  of  a  tin-salt 
which  has  been  acidified  with  UCl,  becomes  coated  with  a 
spongy  mass  of  Sn.  Sn  is  often  precipitated  in  this  reaction 
in  beautiful  cryBtaJs. 

The  Zn  should  be  allowed  to  remain  for  aome  time  in  the 
solution,  which  is  contained  in  a  small  porcelaiu  dish ;  the 
reaction  ia  hastened  by  the  application  of  a  gentle  heat.  The 
deposition  of  Sn  from  SnCl^  takes  place  much  more  rapidly 
than  from  SnCI^. 

If  the  Zn  rests  upon  plalinum-foU  in  the  aoiution,  the  Sn 
will  be  deposited  in  a  spongy  state  on  the  Zn  and  u'ill  not 
glttitt  the  plalinuiii  black.    Sn  differs  in  this  way  from  Sb. 

In  general  analysis  the  deposit  on  the  Zn  may  consist  of 
other  substances  beaidea  Hn.  It  should,  therefore,  he  removed 
by  rubbing  and  washing  the  Zn  in  some  water  in  the  porcelain 
dish  ;  and  the  deposit  may  then  be  rinsed  into  a  narrow  test- 
tube,  and  dissolved  in  a  little  boiling  strong  HCI,  This 
aoiution  will  contain  SnClj,  which  will  yield  with  llgCl^ 
solution  a  white  precipitate  of  HgoCU  (280,  341). 

Since  the  precipitation  of  HgiCl^  dcpenda  upon  the  famtatlnD  of 
SnCl,  and  its  prcnence  in  the  acid  aoiution  ;  and  ainco  SnCl,  is  readily 
converted  111  the  acid  lirjaid  into  SnCI,  by  oxidation,  precautidna  muat 
be  taken  ttfpiiDBt  exposing  the  acid  selution  freely  to  the  air.  It  will 
lisnally  auffice  to  diasolve  the  deposit  quickly  in  ■  wirroa  tcat-tnbe, 
and  U>  prooaed  at  anr»  to  add  the  HgO!}. 

339.  Blowpipe-test  on  Charcoal. — Mix  any  solid  com- 
pound, containing  Sn,  with  powdered  Na.pOje.tii^C-j.Mii. 
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heat  the  mixture  on  charcoal  in  the  inner  blowpipe-flame. 
A  slight  white  incrustation  will  be  obtained,  together  with 
white  particles  of  metallic  Sn,  which  are  with  difficulty  fused 
into  globules. 

The  globules  of  Sn  are  malleable  :  they  differ  from  those  of 
Pb  by  their  greater  hardness,  which  prevents  them  from 
marking  paper.  Refer  to  paragraph  288  for  a  description  of 
the  methods  of  testing  these  globules. 


DiSTiNCTiVB  Reactions  for  Stannocts  and  Stann/o 

Compounds. 


Test 


340.  FasB  H.jS: 


341.  HgCl„: 


342.  AnCls: 
added  after  a 
drop     of    Br- 
water: 


StannoiM. 

Use  SnCI,.2H20  dissolved  In 

dUnt«  HCl. 


Dark  broum  precipUaie  * 
(SnS):  soluble  in  KHO 
and  in  yellow  Am^  on 
heating ;  re-precipitated 
by  HCl,  from  the  KHO 
solution  as  brown  SnS, 
from  the  Am^S  solution 
as  yellow  SnSf.  SnS 
is  insoluble  in  colourless 
An^S. 


White  precipitate  (HgjCl,): 
turns  prrey  on  being  boiled 
if  the  SnCl,  is  iu  excess 
(280). 

Purple  or  dark  broken  jrreei- 
pitate  of  **  Purple  of  Cas- 


sius. 


»» 


stannic. 
Um  SnCl4  In  dilute  HCL 


Yellow  preetpitaie  ♦ 
(SnS,),  often  form- 
ing only  when  the 
liquid  is  heated  : 
soluble  in  Am^ 
(both  yellow  and 
colou,rless)  and  in 
KHO  on  heating, 
re-precipitated  by 
HCl  as  yellow  SnS, 
from  both  solu- 
tions. 

No  precipitate. 


No  precipitate. 


*  Both  SnS  and  SnSo  are  readily  soluble  in  boiling  strong  HCl. 


[343.] 


GltOOP   Il.D, — TABLE  OF   DIFFERENCES. 


Detection  oi'  Cnh  Mbtal  in  Gbodi'  II, b.,  woen 
IT  OOOURH  Alonb, 

^43.  The  Teat*  in  the  roUowiiiK  Table  of  DiffBreacea  nusirer  (ot 
tlicse  metals  iu  both  their  avis  of  uoiiipoiiiiils :  for  ilistiiiutivo  Usta 
Me  the  procsdiiig  rettctioiiB  (323-32*  -  13*.  337 '  34*>-342). 

So.  3  ma;  l>e  ouUted,  unless  ilcuiaivo  raaaJtEi  have  nut  been  obUiued 
by  1  «iid  3.     No.  1  is  roT  solids  auly. 


Group  II.b.— Table  of  Dii 


l^«. 

Ai. 

Sb. 

!.. 

?wiif«w.. 

I.   etm  H^  Into 

rMua    pretlpl- 

Orangi  rid  preol- 

tbe      soIuUon 

pltaW.  Mluble 

ciplute      with 

■i^idiaiid  with 

in    bDJllug 

In    bollluB 

DOI  and  best : 

.tmngHQ. 

reHnw       pre- 

If  no    preclpi- 

cipinte      Willi 

(AMtoTOihait 

'&,£ 

lUnnu: 

lobt>Ulii8,>nd 

Both   aoluble   In 

W^upuiH^: 

«dy   on    hoU- 

boUing    .irone 

BCI. 

iBtiJ^"" 
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SnlidenuaiteJon 
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S"SS 

AgSiSlt.li.li™ 

nnd  11  dluulvcd 
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given    n    wklle 
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HgOl,. 
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Sfi  t™  toS 
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llOD,          TOlIoW 

ml  Sh^,. 

For^ll^idt. 

<.  Ueiit      with 

A'd  oigtitlUa  glu- 
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MaUtaUt  mtlEJ- 
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SSPABATION  AMD  DbTHCTION  OF  MBTALS  IN  GboPF  II. B 
WHEN  THKT  OCODB  ToGBTHEB. 

344,*  The  following  Differences  are  utilised : — 

1.  The  solubility  of  SKS.„  Ha-S,  and  SnSj  in  hot  sttongl 
HCl,  ill  which  AajSj  ia  iiisohible. 

2.  The  difference  in  tho  reaction  of  Za  and  HCl  upon  th«l 
soIutioDB,  and  of  •Sbll^  and  AsH^  upon  ailvei  nitrate  8oIa<fl 
tion  (315,  330). 

3.  The  difference  in  the  products  of  fusion  with  Nb.,COj  ^ 
and  ICNlJg  (347). 

4.  The  action  of  Zn  and  Pt  in  the  presence  of  HCl  upoS'l 
tho  solution,  Sb  staining  the  platinum,  and  Sn  being  de-fl 
posited  upon  the  Zn  (329,  338). 

Several  methods  are  in  use  for  the  separation  and  dete&-] 
tion  of  Aa,  Sb,  and  Sn,  when  tliey  are  mixed.    The  mo^l 
trustworthy  are  those  introduced  by  Hi'fmatiu  (346)  and  l 
Fresmiius  {347).     A  method,  which  is  more  simple  and  c 
be  much  more  rapidly  carried  out,  may,  however,  be  gent 
employed  (345). 

FfBST  MsTaon. 

345.*  From  a  Solution  which  may  contain  As,  I 

Sn,  these  metals  are  first  precipitated  as  sulphides  by  pas 
M^  into  the  acidified  solution.  The  sulphides  1 
filtered  off,  and  the  filtrate  is  again  tested  by  passing  ] 
through  it  and  wanning,  in  order  to  see  whether  the  precipi 
tation  has  been  complete.  When  no  further  precipitate  i 
produced  by  MS,  the  precipitated  sulphides  are  examinee 
the  following  manner,  the  procedure  being  hosed  on 
ferences  1  and  4  (344). 

The  precipitate  produced  by  H^S  is  filtered  off,  and  is  t! 
ailDwed  to  drain  for  some  Lime  upon  the  iiiter  in  the  funadi 
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It  is  boat  to  drain  it  still  further;  this  may  be  effected  by 
the  filter-pump,  or  by  opening  out  the  filter,  and  spreading  it 
upon  a  pile  of  three  or  four  cut  filter-papers.  The  precipitate 
ia  then  removed  to  a  small  porcelain  dish,  and  in  Iieated  for 
Bome  time,  nearly  to  boiling,  with  strong  fuming  HCf.  The 
liquid  is  then  cooled  and  filtered  : — 


Th«  Beddne  will 
Mluiiit  chieHy  of 
As^  which  is 
■Imott  inaaluble 
in  KtroDg  HCl. 

Dry  ths  waahed  k- 
>idue  on  the  filter 
at  a  gentle  beat, 
thea  mix  it  with 
three  or  font  tiiaea 
u  much  powilergij 
ECy  and  Na^O„ 
and  heat  the  nili- 

bulb-tabe,  remov- 
in^  anj  drops  of 
water  iniide  tho 
tube  by  a  twisted 
piece  of  filtor- 
|ia|>ar ;  it  bliick 
mirrnr  (3») :  - 
Presence  of  Ai. 


tfeU.— The  AtA  may 
atoo  be    dlMolieu    by 


^AfOfby  addlDK  AniCL 

MBSO,(j»<);orbj       - 

tlSufftNO),™ 

cantlwuu'  asDtniU4lng 
•ritb  AmUO  (3*ii- 


I 

I 


touch  the  roil  with  a  piece  of  Zn  ;  H  v 
off  with  efferveseencB,  «ud  if  eitlier  at  ooce  or 
after  a  tew  miautes  a  black  stain  appears 
ugiou  the  platiuum  the  preaentt  vfSb  ii  mdi- 

Tbu  platinum -foil  ia  removed  and  pieces  of 
Zn  are  placed  in  the  liquid  :  as  soon  as  the 
bubbles  of  H  ueaae  to  be  givcu  oIT,  Zb  still 
rcinaiuin^  undiaaolvoi),  remove  the  pieces  of 
Zd,  rubbiuK  and  riosing  any  dark  deposit 
back  into  the  dish  ;  let  thia  deposit  settle, 
ilecant  the  liquid  and  heat  tbe  solid  deposit 
with  strong  HCl  for  aereral  minutes  ia  a  test- 
tube,  dilute  with  a  little  water,  filter  if  necei- 
sarj,  and  add  a  few  drops  of  HkCI,  solution  ; 
a  white  or  grey  precipitate  (^,  3^1)  indi- 
cates I— pTeienoe  of  StL 


II.  The  Bcid  filtrate  is    poured  into  a  Uttla 


\a,  beine  produced  by  the  action  of  a 
liltle  strong  HCl  upon  some  pieces  of  Zn, 
Tho  II  is  lighted  at  the  jet,  and  the  inside  of 
a  small  porcelain  diab  or  crucible  lid  preased 
down  upou  tbe  flame  :  a  black  stain  not  dis- 
solved by  solution  of  bleachixig-powderalLowi  : 
— FreMDoe  of  Sb. 

The  residae  in  tho  Dssk  ia  tasted  for  Sd,  aa 
directed  in  the  latter  part  of  I.  (above). 


I 


*  The  Sb  thua  deposited  on  the  Ft  may  be  rinsed  and  then  dissolved 
by  heotLDg  the  foil  in  a  test-tubu  with  a  little  very  dilute  RNO, ;  if 
this  solution  is  cooleil  and  diluted,  nud  H,S  is  passed  through  it,  an 
orauge-ied  precipitate  will  he  fuimod,  confirm  iiig  iheprMcncs  of  Sb. 
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Bbgokd  Method. 

346.'  HotniBnn'8  Method.— Tbe  sulphides,  ivliieli liavu  heta  precipi- 
tated as  ia  directed  in  piiragmpli  345,  arc  narined  with  a  little  atrong    j 
UCI,  Slid  a  small  crystal  of  KCIO,  is  occasioimllr  dropiied  in  imtil  A 
■olution  U  aomplcte.     The  varmiug  of  tho  liquid  is  tlieu  continued  1 
until  DD  smell  ot  CI  is  er olved. 

This  sulntion  of  tlie  ruutala  ia  then  poured  into  a  suitable  Huk,  iu 
which  H  ia  being  generated  by  Iho  nction  of  HC!  uj^n  pure  Zn  (fig. 
70,  315).     Sn  (An  and  Pt)  will  be  du[iosited  ui>on  the  Za,  while  Ai    | 
and  Sb  will  Iw  evolved  as  AaHj  and  SbHj  gases.     Theae  two  gucs  are 
passed  into  Ag¥0,  solution,  aud  yield  soluble  HgAaO,  and  iuaDluble    1 
AfoSb,  ' 


The  AgMO,  solution,  coutaining  the  black  (ir< 


is  bltorcd !' 


Filtrate ;  add   to   this,  sotn« 

liltvr,  and  pour  upon  it  Bomo  boiling 

very    dilutee    AmOH,   drop 

by  drop,  H'ith  constant  mix- 

and pour  it  sovoral   timids  on   the 

ing  by  dtirring  or  shukiug ; 

lilUr.      Now   add    HCl,   aud    |>asB 

a  iwIb  yellow  Huooulent  pns- 

H.jS  :  a  red  coloration  or  precipitate 

cijHlateiudicatca:— 

PreunceofSb. 

Tha  Depoait  of  Sn  ia  removed  rrotn  the  Zn  in  the  Hask,  imd  li 
wuhed.  It  is  then  dissolved  by  boiling  it  witli  a  little  strong  HCl  in 
u  narrow  test-tube.  Fur  the  examination  of  any  residue  here,  refer  lo 
paragraph  1073  if  Au  and  Pt  have  t«  be  tusted  for.  The  solution 
ia  HCl  is  at  once  diluted  and  is  tested  for  SnCl,  b:y  tbe  adJitiou  of  ' 
IlgCI,  solution  ;  a  while  precijiitato,  possibly  tnrniUR  groy,  abowB  :- 
FroMnce  of  Sn. 

A  further  tost  is  niiuje,  if  necessary,  upon  tho  original  solution  in  order   1 
to  ascertain  whether  the  tiu  was  pniacnt  as  alannoua  or  aa  stannic 
[340-342). 

TaiBD    MsTBOtJ. 

347.*  Ihia  Method  depend!  upon  the  Fact  that  fusiou  with  Na^Oj 
and  NatIO,  converts  As.j.S,  intosoluble  Na,HAsO„  Sb^  into  insoluble 
KajH^bjO,,  and  SnS,  into  insoluble  Sn  or  SuOj. 

The  Sulphides,  which  have  been  precipitated  as  is  directed  in  para- 
graph 345,  are  dried  on  tlie  filter,  and  the  precipilatt-  is  well  m' 
with  ocjual  weights  of  powdered  Ifs^OO,  and  NaNO,. 
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It  the  quanlity  of  ilic  precipitate  is  vmy  siuoll,  tliu  part  or  the  paper 
which  contaiuB  tbe  precipitate  is  cut  up  into  umall  pieces,  and  thane 
■re  treated  as  b  directed  Tor  the  iirecipitate. 

This  mixture  ia  dropped  in  smali  quantities  at  a  time  tntu  some 
NbNO),  which  ia  fused  ia  a  small  porcelain  crucible  over  a.  ttuniieu-ltame. 
When  the  powder  has  all  been  added,  the  crucible  in  healed  sufficiently 
to  keep  the  mixture  melted  for  a  few  minutes,  and  the  liquid  moss  is 
thon  ponrod  into  a  small  dry  porccl&iti  ilish. 

As  soon  as  the  aubstanco  hu  cooled,  cold  water  is  poured  upon  it  in 
the  dish,  and  water  is  also  pourvd  upon  the  residue  which  adheres  to 
the  inside  of  the  crucible.  The  solid  substanoe  is  allowed  to  soak  in 
both  Teasels  for  soqid  time  with  occaaional  stirring,  cruahlng  it  liy  prea- 
■ore  with  a  peatle  if  it  doe*  not  easily  foU  to  pieces ;  it  is  then 
filtered:— 


She  Reciclno  is  washed  on  the  filter  with  a 

miztore  of  equal  measures  of  water  and  alco- 
hol, in  which  Nn,H^Sb,0,  is  insoluble  ;  the 
woahiDgs  are  ngocted. 

The  preciiiitate  ia  then  rinsod  into  a  umall 
[iorc«lam  dish,  using  aa  little  water  as  iiob- 
aible  ;  a  few  drops  of  strau([  HCl  are  added 
and  the  dish  ia  heated,  nmre  llCl  beiuf! 
added,  if  iiecesBary,  to  make  the  liquid  acid 
to  litmus-iiaper. 

Whether  the  residue  has  dissolved 


Sitaoe  in  the  liquid  a  piece  of  clean  platinll 
j>il,  and  drop  upon  the  foil  a  piece  of  p 
Remove  the  foil  after  a  luw  u 


Filtnte:    HKO,   ia 

added  until  the 
solution  is  just 
acid    after    lieilifj 


pnidpitate,  and 
very  dilute  Am  HO 
is  added  little  by 
little  t;    a  hrowii 


dlBBolvii 


of    AniHO, 
shows ; 

Fresenco  of  As 


black  stain  ahows : — Ptaaetioe   of   8b. 
foot-note  (345*)- 

When  the  Zn  ceases  to  be  acted  upon,  Sn  if 
preaeut  will  remain  as  a  spongy  deposit. 
This  ia  to  be  washed  by  decantation,  and 
then  dissolved  by  boiling  with  HCl  *  in  a  teat- 
tube  :  HgOj  ia  added  immediately  to  the 
■olutinu  ;  a  white  precipitate  (341}  shows: — 


*  All  inaoluhle  residue  may  coiitaiu  An,  Pt.     See  paragraph  1073. 
+  Instead  of  mixiug  dilute  AmllO  with  thu  liquid,  AnilfO  may  be 
carefully  poured  U]>on  the  top  of  the  licjuid  ;  a  brown  colour  is  then 
at  the  surface  of  contact. 


KEACTIONS  OK   THE   METAIS. 


REACTIONS  OV  THE  BASER  ELEMENTS  IN  OROrP  11. 

Tbe  Earer  Eleinenls  of  lliLs  Group  are  divided  into  twu  clussua ; 
IboM)  beloiigiiig  111  Group  II.A.  nro  Pd,  Os,  Rh,  Ru  ;  tliuso  bdmtgiiig 
toCtoul)  ILii,  iroAu,  Pt,  Mo,  Sb,  T«,  Ir. 


GROUP  U.A.— CUPPEK  GKOUP. 

Id  Lbb  Group  are  incluiled  Fd,  (Os,  Rli,  Ru) ;  these  muUlii  ore  pre-   I 

uipiUtad  as  sulphiiits  by  H^  from  acid  soliitioiifl,  &ni!  tlia  sDl[iliidu    | 

an^  toaulubli!  in  Aiii,;S  aud  in  Bolution  of  alkaline  hydratv. 


Palladium  (Pd).  —Use  aoimioii  of  Pallndiiim  chloride,  PdCl,. 

Pd  ocean  as  metal  ia  .native  plaliiium,  also  in  gold  nud  iu  >il 
FAlladbni,' eolations  are  reddish -hra on,   and  yellow  if   dilute:   tb«4 
addition  a  water  preci[)iUtes  from  th«se  aolutions  a  bnsii-  salt,  unleft 
suSicienturee  acid  is  preamt  to  prcveDt  the  precipitation. 

348,  Bfi :  black  precipitate,  iu  neutral,  alkaline,  and  acid  ilohl>  I 
tious ;  tliia  piecipitnte  ia  iuioluble  in  AnigS,  but  solublv  in  boiling  J 
UCI  and  ia  aqua  i-ugia. 

349,  AmHO:  lleah  coloured  precipitate  (PdOl^aNHj);  soluble  In  i 
excess  of  AiiiHO  to  a  cotourleBs  liquid,  from  which  HCl  precipititM  ] 
yi'Uoiv  cryttulline  palladammouium  chloride  (NgUsPd"Cl^. 

35a  HgOy,  1  yellonish.n-hite  ^Utiiious  precipitito  (PdCyil,  i 
slightly  soluble  in  HC!,  easily  soluble  in  AmHO.  This  is  a  vary  1 
characteristic  reaction. 

351.  KI ;  blatk  precipitate  {PdlJ  ;  a  very  characteristic  rcacticu. 


GROUP  II.B.— ARSENIC  GROUl'. 

Iu  this  Group  aiu  inelnded  Au,  Pt,  Mo,  Se,  Te,  (Ir), 

Gold  (Au).—UaeBoIutioii  of  Gold  chloride,  AuCl,. 

The  solution  ia  light  yellow  in  colour.     It  yields  a  dark   b 
sulphide,  H'liicli  is  soluble  in  yellow  AmjS„. 

353.  SnOI,  containing  a  little  SnCl, :  purple  or  dark  browu  precipi- 1 
tate  of  Purple  0/  Caaaiua,  wliiuli  is  beat  seen  when  the  test  ia  itiude  it 
white  porcelain  dish. 


159.]     PALLADIUM,  GOLD,  PLATINUM,  MOLYBDATE.      187 

353.  FeSOt  Bolatioii  prodncea  either  at  ODoe,  or  whcsa  tlio  aolutiou  ia 
bested,  a  very  fiuely-divided  prvcipitato  of  Au :  ths  liquid  uaiinlly 
ftpimn  bluiah  by  trananiittsd  light,  and  ia  always  uoppur'ruil  aud 
turbid  by  reflected  light:  — 

2AuCI,  +  fiFaSO^  -  2Au  +  2  Fos(SO,)j+ FdjCI, . 

354.  H^Q,,  Mlntion  produces  a  aimilar  precipitate  of  Au  whea 
the  lujuid  is  boilod.  If  the  liquid  is  boilefl  for  aonio  titna  in  a  poroelaia 
dish,  the  An  aottlw  down  in  amitU  blank  miuiaea,  and  the  Bolution  loses 
its  colour. 


Platinum  (Pt).—Usa  aolntion  of  Platinic  chloride,  PU.\. 
The  aolutidu  ia  reddish -yellow  in  colour.     It  yiulila  a  diirk  browu 
•tJphidt!,  which  is  soluble  in  yellow  ArajS,,. 

355.  AmCI,  added  to  a  strong  solution,  produces  on  standing  for 
•ome  dme,  or  moro  quickly  on  being  stirred,  a,  yellow  'J^ecipitate 
(Ani,PtCln),  which  u  soluble  in  much  hot  water. 

356.  SdOI^  gircs  a  rei Id Jsh -brown  colour  (PtCI,)  iu  the  aulution 
icidilicKi  with  HCl  :-rtCl4  +  SnClj-  I'tCl,  +  SnCi,. 

The  Method  of  Separating  and  Betectiug  An  and  Pt  is  lully  klvcu 
in  parngraj.h  1073 


HaLVBiiATB  (MoO,).— Use  AnijHoO.  solution, 
[o  occniB  Bs  molybdste  :  also  as  sulphide,  which  niny  be  reiulily 
oouvertcd  into  HoU,  by  heating  it  iu  the  air  or  with  HNO,,     Uu- 
ignited  MoOg  diasolvea  in  acids  ;  ignited  HoO,  is  insoluble  in  acids, 
is  easily  soluble  in  ulkilis, 

S7.  HCl,  HKO„  or  H^„  if  it  ia  added  in  amall  qnantity  to  au 
aqueausBolution  of  a  molylidate,  yields  a  precipitate,  which  is  reudily 
•oluble  in  pzcesa  of  the  acid. 

3^  H^,  added  in  ikti/  tmalt  qiuintity  to  the  acidified  aolntion, 
givds  ■  bltia  liquid  :  if  H^  is  added  iu  larger  quantity,  a  hmwn  preoipi- 
tftte  {Mo9,)  forms  ;  the  precipitation  becomes  complete  only  wIjcu  the 
solution  is  heated  and  H^  is  passed  for  some  linii!.  This  prucipitati< 
li  soluble  in  solution  of  alkaline  sulphide  or  of  nlkallne  hydrate  ; 
UoS,  ia  roprecipitated  from  this  solution  whou  oeld  is  udded  in  Dxceaa, 
3S9.  Zn,  or  SdOI,,  If  it  is  added  to  the  solution  of  a  niolybdate  in 
1101,  wlours  it  brouiii,  ^ten,  or  blue,  according  to  its  stutn  of  cou- 
Ooutration, 
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KEACTIOMS   OF   THE   UBTALS. 


[3ea-87o.] 


360.  EOyS,  if  it  is  HdJed  to  u  wlutioD  acidified  with  HCI,  givw  n 
eoloratioli ;  bDt  if  a  [liece  of  Zd  is  afterwnrda  dropped  in 
liquid,  s  lieaatiful  erimion  to\oat  is  produced :  nhcn  this  liquid  i 
sh&koli  witli  ether,  tlie  colour  is  taken  up  by  tlie  vther. 

361.  Nb.^HPOj,  if  it  is  added  ia  ver;  small  ijunntitj  to  the  solution  1 
of  iiiolybdiili-  acidifipd  with  HNOj,  gives  a  yellow  precipitate  whm  | 
the  liqiiLil  in  gently  wsrrned ;   tliis  pracipitale  ia  readily  soluble  il 
exixsB  uf  alkaliue  hydrate  Bolutiao. 


362.  Borax-bead  :  outer  Dune,  ytUaa 

363.  MicroooBmic-bead :  outer  «ud  in 


inner  Hame,  dart  brtnen, 
IT  DBmee,  green. 


SsLEttiUM  (So].— Use  FeSe,  EoSeO„  and  E^gO,. 
Se  occurs  as  selunide  of  Pb,  Fe,  Cu.  Ag. 
L  Belenlde  (Se}.— Use  FeSo. 
3G4.  Wben  a  Selenide  is  heated  in  an  o]x:ii  tube  it  evolves  a  snidl  i 


uf  decaying  lioise- radish,  and  proJut 
the  smell  is  very  cbaractcristic. 


c  red  Eubtiuistu  of  Se: 


U.  SeleoiM  (8eO,).~UHe  K^O,  (369). 

I  acid  solution,  H  coUl  a  yclluw,  if  hoL  u  raidiJi- 
s  procipititc  ia  soluble  in  Ain^, 

366.  BaCLj  gives  In  a  ueutral  solution  a  white  precipitate :  soluble 


36S  H.8 


u  liCi  111 


u  HSO, 


367.  SnCLj  or  H^j  gives  iii  the  presence  of  free  HCl  a  rod,  or  in 

wurui  solatioQS  a  gcey  precipitate  of  Se. 

368.  Ou  iu  H  hot  salutioD  acidified  with  QGl  lieuomes  covered  with 
a  block  film  1  the  liquid,  ou  staudiug  with  the  Cu  for  boiue  time, 
becomes  coloured  red  with  Se. 

in.  Selenate(SeOj].— Use  K^O^, 

369.  HOI  produces  no  chouge  iu  tliu  cold  ;  but  ou  boiling,  CI  is 
giveu  otT  iiDrl  tlie  selenate  ia  niduced  to  selenite,  lo  which  the  abovt 
ti»u  (365-368)  uiaj  be  applied. 

370.  Bad,  :  a.  white  precipitate  (BaSeO,) ;  iusoluhle  in  cold  HCl ; 
dissolved  liy  bailing  wjtb  HCl,  with  erolutiaa  of  CI  aud  reductiun  to 
BoSeO, 


[371-378.]       GROUP  II. — SELENIUM,  TELLURIUM. 
IV.  Seleniuni  in  &n;  fonn  of  Oomblostlon. 

371.  When  it  is  hented  on  Charcoal  ii 

372.  When  it  ii  heated  on  Obarcoal  with  Na,GO,  in  the  Inner 
Blowpipe-flame  a  Bi:lciimm  compound  yields  a  fused  niasn,  which 
when  cooled  and  moJBtened  on  Ag  yields  a  black  Btain,  and  on  addi- 
tion of  KCI  evolves  HgSe,  a  bndly  smelling  gas. 


Tbllohjitm  (Tp)._Dsb  PbTo,  KjTeOj,  K,TeO„  as  is  diroctod  hclow. 
Te  commonly  occars  united  with  the  mctnls  An.  Ag,  Bi,  Cii,  Ye. 
I  TeUnride  (Te),— Uae  PbTe. 

373.  When  a  TeUnride  U  heated  in  an  open  giaee  tube  it  girea 
white  finiiHSBod  a  Enblimite  ;  the  siiblimnte  differs  rroiu  that  given  by 
Sb,  by  being  fusible  before  the  blowpi()e. 

n,  Tellnrite  (TeO^).— Dse  K,TeO,  [377), 

374.  HjO:  OB  dilution  with  wnter,  tclliirous  acid  is  precipitated 
from  the  actd  solution. 

375.  H,^:  in  acid  snlotiona  s  brown  precipitnto  (Ti'Sj),  erusily 
soluble  in  AmjS, 

376.  KJSO_f.  SnOL,.  or  Zn  preoiiiitntos  bkck  Te. 
in.  TeUntftte(TeOj).~II«eKeTeOj. 

377.  HCI  proilnccs  no  change  in  the  cold  aolution  of  a  telliirato  ; 
bnt  on  tHiiling,  CI  in  evolved,  and  the  t^llurate  is  rodnced  to  tBllnrite ; 
the  solution  liieu  gives  the  above  reactions  (374-376). 

IV.  Tellnrinm  in  any  form  of  Combination. 

37B.  If  it  is  fnsBd  with  KtjCO,  on  Charcoal  in  the  Inner  Blowpipe- 
flame,  It  tellnrinm  compiiiinil  ^vcs  smiiutii  telluridc,  asohilion  of  which 
gives  a  binck  stain  nii  A^.  When  this  aalntion  is  acldifieil  it  de- 
posits black  Te,  and  evolves  Hj'lV. 


For  the  Detection  ot  the  Sarei  Element!  in  Group  IX,  see  the 

KOondcohinin  in  Table,  pnrngntph  1090. 


BSACTIONB   OK  THE   MKTAIS.  [SJS-SBlJl 


GROUP  I.— SILVER  GROUP. 

379.  This  Group  includes  Pb,  Ag,  Ilg',  together  with  tha   ] 
rarer  elements  Tl  and  W. 

The  solutions  of  these  matals  differ  from  those  of  «11  other  metals, 
by  being  precipitated  as  chlorides  bj  HCl  or  by  a  dissolvfld  chlorjile. 
Since,  liDWerer,  FbCI,  anil  TlCl  are  somewbat  soliiblc  in  wat«r,  theso 
oictaU  are  not  entirelj'  precipitated  in  this  Oroap  as  chlorides,  and 
tliey  will  also  be  tonnd  in  Group  11.  A.  as  sniphides  in  the  course  of 
unaljais. 

For  the  Barer  Elements  in  this  Qraap  refer  to  paragrftplis  39i-4oa 


Lead  (Pb). 

380.  Tlw  reactions  for  Pb  have  been  already  given  undet 
:!roiip  II.A.  in  paragraphs  284-288. 


Silver  (Ag). — Use  AgNOj  solution. 

381.  HCl :  wliite  precipitate  (AgCl),  which  becoraea  curdy 
when  it  i.*  shaken  or  heated.  , 

Pour  off  the  liquid  with  the  prc.ci])itate  into  four  tubes.    ■ 
FtltHF  one  portion,  wash  the  precipitate  and  let  it  stand  for 
eomo  time  exposed  to  sunlight  or  to  common  daylight ;   it 
will  become  biackish -purple. 

Show  with  the  othor  portions  that  AgCl  dissolves  readily  * 
when  it  is  heated  with  AmllO  or  with  KCy  solution,  and  is  I 
precipitated  again  from  these  solutions  when  HKO,  is  added   I 
in  excess.     Show  also  that  AgCl  is  insoluble  in  HNOj,  even 
when  the  acid  is  boiled. 


[382-SS7.]        GROUP  I. — SILVKR,  MBRCXJH08UM,  191 

383.  H,S  or  Am^  :  blaok  precipitate  (A^^S).  Insolulile  in  Ani^S 
nnd  in  KHO,  anlnlilc  in  boiling  liilutp  HNO, 

383.  EHO  :  brown  precipitate  (AgHO),  insoluble  in  exueaa. 

jg^  AmHO  :  ligbt  lirown  precipitate,  prodaced  only  when  Dirjr 
dilute  AniHO  is  added  drop  by  drop,  since  AgHO  is  very  eMily 
■□lable  in  excess  of  AmHO. 

3B5.  Blowpipe-teit  on  OharoooL — IF  any  solid  snbstaiice  contain- 
ing Ag  is  niixed  witb  puwdereJ  NiigCO,  and  the  mixture  ia  then  liontcd 
nn  i^barunal  in  the  iiini>r  li1o«pi{>c-fIau;ie,  vWtUi  mallcBible  globuleti  or 
scales  of  Ag  will  b^  olitiiincd,  but  no  incrustntion  will  be  fornitd  on 
the  cbnrcoiil. 


Mbbgubobum    (Hg'), — Uae   Mercurous   nitrate, 

Hg'5{N0„),.H,,0,  dissolved  in  dUute  UNO,. 


Itenctions  279-383  for 
with  mcrourous  salts.  1 
ever,  serve  to  distingiiiali 


salts  yield  ppeoisely  similHr  rcsulla 
'o  foliowing  reactions  (386,  387),  haw- 


386.  HGl :  a  white  precipitate  (Hg'.^Cl^),  inaoluble  in  cold 
dilute  acida,  but  soluble  when  it  is  warmed  with  HNO,  or 
with  a  mixture  of  HCl  and  HNOj,,  which  convert  it  into 
soluble  morcurie  Bait. 

This  precipitate  becomen  Mark  Kheti  AmHO  is  poured 
upon  it,  did  lioes  md  disiolve. 

A  Bolation  of  marcur/c  aolt  is  not  precipitated  by  HCl 
or  by  BolatioQ  of  a  chloride. 

387.  AmHO,    or   EHO :    hJack  precipitate,    insoluble   in 

In  a  solution  of  mercun>  s.alt  AmHO  usvially  oauBea  a 
lehite  prooipitate  (NIl^HgCl),  and  KHO  precipitiites  j/eliow 
HgO, 


^n 

^" 

■ 

llH' 

n| 

^H 
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KBACTIONS   OF  THE  METALS.           [388,  36S.*]^H 

Dktbction  of  Onr  Mbtal  is  Group  L.  wben  it  occdrs      ^H 

Alonb.                                             ^H 

388.  Tbe  following  Table  of  DifferanceB  enables  one    ^H 

metal   of    this  Group  to   be   detected,  when   it  is   present    ^H 

^1 

Groop  I.— Table  op  Pm-ERESCEa. 

■ 

Twin 

eb. 

Ag. 

nr- 

1 

J-srUgufd.. 

1.  Ada  HOI: 

AmHO. 

^uwITn'SiiiiZO. 

3.     AM     AmHO, 
Tcry  dilute; 

'K.ET.';; 

BrBtcn  pTaripilalr. 

"■aa-i?-.':: 

I.AddIt,Crt),: 

°S!r~'"- 

ChofotaUnd  pre- 
dpltsts. 

'^.■s.r-  "-■ 

FBTKlidt. 

'n»,CO,  on  chKT- 
lilowrlpB  aune : 

whlcn  mirk  pa- 
per; yellow  In- 

which     dp     not 
IncnisWtion.' 

K^    ihqUIUi:    glO- 

Connim  by  HeaUsE 

an  leiitUontuto 

1 

Sbparation  and  Detection  op  Mbtals  in  I!boup  I.,  when  ^^M 

THBY  OCCDR  TOOBTIIKH,                                              ^H 

389.*  The  following  Differencea  are  made  use  of ;—           ^H 

1.  The   Bolubility  of  I'bCU    in   boiling  water,  in  which 

AgCl  and  Hg'jCIj  are  insoluble. 

[390*-8W.]  OROD?   L — ^THALLnJM.  193 

2.  The  aoliibility  of  AgCl  in  AraHO,  in  which  Ug'.CIj  is 
inxoiuble. 

After  each  metal  has  been  separated,  its  preacnce  is  con- 
firmed by  one  of  its  chnrBcteriatio  tests. 

390.*  A  Solution,  which  is  to  be  examined  for  Fb,  ^, 
and  Hg',  is  precipitated  by  adding  HCl  in  encess ;  it  is 
then  filtered,  and  the  clear  liltrate  is  mixed  with  more  HCl 
in  onlar  to  ascertain  whether  the  metals  hove  been  com- 
pletely precipitated.  The  precipitate  is  then  examined  by 
Tftbl<!  I.  (lOZZ). 


KEACTIONS  FOR  THE  RAEER  ELEMENTS  IN  GROUP  I, 

391.  The  elements  incluile<!  in  this  Group  are  Tl  and  W. 

The  (ddition  n!  IICI  in  excess  |>RTtially  pTccitiitatea  Tl  as  ahloride, 
and  completely  precijiilatea  tUDf^tic:  acid  froDi  a  ningetate. 

Since  TlCl  ii  only  partinlly  precipitated  in  Group  I.,  owing  to  ita 
being  wtmewhat  nolublo  in  water,  Tl  is  alBO  found  in  tho  ordinary 
coitrw  of  analysis  in  Gronp  III. o.,  nhero  il  is  conipletely  precipitiited 
u  inlphido  by  Am^, 


Thallium  [T1),-U(b  Tl^O^  aolnlinn. 

Tl  occnn  in  smnll  quantity  in  many  natural  snlpliides,  and  occa- 
sionally in  the  ashes  of  plants  and  in  mineral  walris.  Tl  yields  both 
thallie  and  thnllioiM  sahs  ;  but  tlie  former  arnTury  anstabU,  cliangiug, 
gtr«n  when  their  solutions  are  heatwl,  into  thuUioiis  silts. 

393.  HGl :  a  wliitii  precipitulc,  which  rapidly  seCtlea,  dous  not 
blacken  in  tbe  light,  and  is  soluble  in  iiiua  regis.  It  is  solnblo  in  a 
large  quantity  of  walor,  aud  tliurefore  does  uiit  form  in  dilute  sohi- 

393.  KI:  u  yellow  precipitate,  almoAt  insolublo  in  water,  more 
soliiblH  in  EI  solntion.  If  lerric  salt  is  present  in  the  solution,  it 
must  be  reduced  by  H^O,  before  KI  is  addpd. 

394.  PtCli:  orange-red  precipitate,  slightly  wi\ii\A<i\n*ii\*«, 
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395.  Am^:  black  pniciiiitate,  which  I'i'oasilj  coagalntvd  hj  hut, 
b  iamlable  m  AmHO,  in  slkaliue  aulphiilra,  and  in  KC]-  BolutioQ  ; 
it  u  readily  oxidised  hy  the  air  lo  T1^0„  hikI  is  easily  soluble  in 
minenl  acids.                                                                                 _ 

ia  tliB  only  free  acid  present,"  but  tliB  preaenoa  of  a  free  miuerel  add 
prevenla  the  precipitation. 

396.  Flame    CoIoraUon.— Thalliiini    compounds   impart    to    Ob 
Bnnsen-flame  an  iatonso  ffreen  colour,  which,  however,  mjiiiily  dw- 
appean. 

The  Bpeetnim  (fig.  08,  II6)  consiHts  of  one  bright  emerald -groen 
line,  and  ia  Tery  charecleristic.     Tliallillm  may  be  ensily  (Utoet«d  by 
the  spectroscope  when  it  to  pteaent  in  solution,  or  in  any  of  tho  pred- 

TUMGSTATK  (WOjJ.-Usc  Ni,WO^  Solution. 

tungatatfl  yields  u  soluble  alkaline  tungataW  when  it  to  fused  with  tia 
alkaline  carlwnate.     From  the  solution  of  an  alkuliuo  tungatuto  HCl 
precipitatDS  the  tuugstiu  acid  entirely. 

397.  HOI,    HNO,.   or   H^, :    while  precipitate  (H,WO,),   whioh 

acid,  but  solubls  in  AmHO, 

If  a  pieou  of  Zii  be  dropped  into  the  ncid  liquid  containing  tha  ■ 
precipitate,  it  yields  a  deep  blue  oolour. 

in  »'Bter  and  filtfiring,  givea  a  yillmo  precipitate,  which  hecomea  btut 
n  !ii.'H  HCl  ia  added  and  the  liquid  is  heated. 

aUta  ;  but  if  Am,3  la  added,  and  the  liquid  i»  then  made  Mid  with^ 

Bamo,  blut :  if  a.  little  FsSO^  is  introduced  into  the  fnsed  b«ad,  tlM 
colour  changes  to  blood-red.     These  colours  are  beat  sem  when  tli« 
bead  to  perfectly  cold. 

For  the  Detection  of  the  Borer  Elentents  of  this  Group,  refer  to 
the  firit  rolumn  in  the  Table  (1090). 

[401.]                            GliOnr    r.— TUXf.STATK, 

19S      S 

DETECTION  OF  METALS  BY  THE  ANALYTICAL  TAIlLES. 

401.  The  metals   are  claBaified  in  Aiialyticftl  Groups  in 
parngropli  931. 

The  more  important  tests  for  the  metals  are  hrought 
together  in  syatematic  and  tabular  form  in  Sectiona  V,  and 
VI. 

The  scheme  of  analysis  in  Section  V.  ecrvea  to  detect  the 
presence  of  one  metal  when  nil  other  metals  Me  absent. 
This  .Section  is  only  employed  for  special  purposes. 

TJie  fuller  aclieme  of  analysia  in  Section  VI.  serves  to 
detect  metals  when  they  are  present  together. 

The  General  Table  for  the  detection  of  tlie  Rarer  Elements 
will  he  found  in  paragraph  1090.     This  is  aupplementnry  to 
tlie  General  Tahle  (1007). 

r 

J 

SECTION  lY.-PART  III. 


ANALYTICAL.  REACTIONS  FOR  ACID- 
RADICLES. 


498.  Introductory  Eemarks. — The  Acid  -  radicles  are 
usually  detected  in  the  course  of  analysis  hy  special  tests. 
They  cannot  advantageously  be  precipitated  in  Groups,  from 
which  the  members  of  each  Group  are  subsequently  sepa- 
rated and  identified,  as  is  the  case  with  the  Metals. 

Accordingly  the  classification  adopted  for  their  reactions 
consists  in  placing  together  in  a  Group  those  Acid-radicles 
which  somewhat  resemble  one  another  in  their  reactions; 
and  then  stating  at  the  end  of  each  Group  upon  what  differ- 
ences the  detection  of  its  members,  when  they  occur  together, 
depends. 

The  reactions  for  Acid-radicles  are  worked  through  in  th© 
same  way  as  those  for  the  metals,  a  salt  or  other  compound 
which  contains  the  radicle  being  employed.  At  the  end  of 
each  Group  the  student  may  with  advantage  detect  one  or 
more  of  its  members,  as  was  done  with  the  Metals. 

The  systematic  Tables  of  Difi*erences,  such  as  are  given 
for  each  Group  of  the  Metals,  are  not  drawn  out  for  the 
Acid-radicle  Groups.  The  student  should  have  no  difficulty 
in  constructing  such  Tables  for  himself,  either  mentally  or 
on  paper,  after  looking  through  the  reactions. 


[*9O-501.j 


GBOIIP   [.— eULPHATK 


GROUP  I.— .SULFIIATE  GROUP. 

499.  This  Group  includes  sulphate  (tiO^),  fluosilicato 
(SiF„),  and  aalenate  (SeOJ. 

TliHM  acid- rot]  iuks  are  distin^iiihed  lij  yielding  a  preci[)itate, 
wlieu  BftCI)  is  added  id  tha  iira»;ui:G  of  liydrocliloric  acid, 

SnlpbCite  is  tlie  only  coturaonly  ui-curring  uuid-radiule  wlliuli  gives 
witb  BuCI,  a  prBcipitate  insoluble  in  boiling  HCl. 

FlnwlUcate  reumbles  sulphate  in  ihia  respect  ;  but  difTora  froiu 
Biilplmte  in  no  many  teaetioiia  that  it  in  tonaJJuri-d  Leieafter  (610-614] 
in  connection  with  Buoride  and  silicate,  to  which  it  is  sualytioully 
mare  closely  rujated. 

Seleante  yields  u  precipitate  or  BaSeO^  when  IkCI,  is  uddnd  lu 
the  preaeucc  ut  cold  U(^t ;  but  this  precijjitatc  ililToTs  from  B11SO4  by 
being  diaaoived  whin  it  ia  bailed  for  aome  timu  witb  atrang  HOI 
(369). 


SuLi'UATB  (SO,),— Use  Na._.8O,.I0H„O. 

500.  BaCl.,  or  Ba(N03);. ;  white  precipitute  (liaSOJ ;  ro- 
maiiie  undiasolved  when  it  is  boiled  with  dilute  HCl  or  HNO^. 

Note.—BaCI,  and  Ba(NO,].j  are  insoluble  ii>  strong  HCl  «ud  iti 
Blruug  ilNU,,  Care  must  be  taken  Jiot  to  miatake  the  pTcci|iitateB 
which  are  cauaed  by  theaa  acida  for  a  precipitate  of  BaSO,.  Thoie 
pr«clpilated  are  readily  distinguished  from  BaSO,  by  their  solubility  in 

Add  BaCI,  or  Ba(KO,),  aulutioti  to  strung  HCl  or  HNO,.  A 
white  i^rEcipitate  wilt  be  produced,  cunsisting  of  BaCl^  or  of  Ela(NO,)„ 
which  is  insoluble  iu  theatrong  acid.  Now  add  much  water;  tht  pre- 
cipitate will  dissolve  readily  and  completely  in  the  water. 

501.  Blowpipe-test  on  Charcoal. — If  a  sulphate,  or  any 
liolid  subetauce  containing  sulphur,  is  mixed  witb  solid 
NogCOj,  uad  the  mixture  is  then  heated  on  charcoal  in  the 
iuner  blowpipe- dame  until  the  -N^COg  fusoa,  Na^S  will  bo 
produced : — 

Ka^SO,  -I-  4C  -  Na^S  +  4C0  . 
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The  Na„S  thus  produced  may  be  reailily  detected  hy  detach- 
ing the  cold  solid  mosa  from  the  charcoal  with  the  point  of  a 
knife,  placing  a  portion  of  it  upon  a  bright  silver  coin,  and 
moistening  it  with  a  drop  of  water.  After  the  moistened 
masa  has  remained  upon  the  coin  for  a  short  time,  it  is 
rinsed  off ;  a  black  stain  (Ag^S)  wiD  then  be  seen  upon  the  I 
port  of  the  siiver  upon  which  the  substance  rested  (511). 

Another  portion  of  the  cool  mass  may  he  moistened  with  I 
a  drop  of  HCl.  A  fetid  smell  of  Il^S  will  then  be  observed ;  1 
and  a  piece  of  paper,  moistened  with  Fb.\^  solution  and  held  .] 
above  the  substance,  will  be  blackened  (51O). 

This  test  id  evidently  only  of  value  foe  detecting  a  sulphate,  whsa  1 
it  ia  kuowa  that  sulphur  is  not  present  iu  any  other  foRo  in  tha  sub-.  I 
stance  to  be  tested. 

It  it  also  necessary  that  snljihur  should  not  bo  introduced  by  tlu  J 
NsjCOj,  or  by  the  flamo.  Since  conl-gaa  may  contain  aufflcUnt  1 
sulphur  to  give  the  abovu  reaction  with  pure  N&iCO,,  it  ia  advis&bli!  to  1 
employ  the  flame  of  a  spirit-  or  petrolumu-lanjp  (3)  rather  than  that  of  I 
a  gBB-iiurner  far  this  reavtiou. 

502.  Hydrogen   sulphate,   or    Sulphuric  acid  (H.^SO,),  J 

even  when  it  is  dilute,  may  be  detected  by  producing  black  J 
charred  stains  on  paper,  which  has  been  dipped  into  thft  1 
liquid  and  has  then  been  dried  by  heat  Sulphuric  actd  ha»  J 
a  strongly  acid  reaction  to  htmns,  and  evolves  hydrogen  when  1 
it  is  diluted  a«d  warmed  with  Zu ;  these  properties  are,  J 
however,  shared  by  some  metalhc  sulphates  and  by  the  ocid.j 
sulphates. 


SSLBNATE  (SbOi)  ! — The  renotious  for  aelenate  have  been  sireadyj 
given  (369-372)  iu  Grouji  11.  for  thu  metals.  Selenate  is  dussed  JB^ 
Group  II.  bccmiae  it  yivus  a  preuipitiite  with  EL,S,  after  its  aolutioa  ifl 
hydroohluric  acid  hus  Ijeeu  boiled. 


[««.] 


GKOUP  I. — DGTKCTIOM   OF  MUMBKHS. 


DBCECTroN  OP  Ac[D-itAmcLE9  oP  Gboui'  I. 


503.  After  the  acid-radicle  hue  been  precipitated  b;  tlio 
addition  of  ItaCl.^,  it  may  be  identified  by  noting  the  follow- 
ing ditferencos  in  the  properties  of  the  insolublo  bariuu 
salts. 

The  precipitate  of  liaSOj  differs  from  that  of  BaSeO,  by 
being  quite  unaffected  when  it  is  boiled  with  HCl. 

BaSeOj  may  be  dissolved  by  being  boiled  with  HCl,  and 
selenite  may  then  be  detected  in  the  solution  by  the  tests 
given  in  paittgraphs  365-368.  When  BaSeO,  is  heated  on 
charcoal,  it  gives  the  ]}ecuHar  smell  of  rotten  horse-radish. 

BaSiF,,  is  distinguished  by  heating  it  with  strong  'S.JiO^, 
wlien  HF  is  evolved,  which  etches  glass  {6l2).  For  other 
differences,  see  paragraphs  61O,  611. 


liWBMa 


:!()0  KK.vrrioNs  of  the  acid-badiclbs.     [504,  mb.] 


liKorr  ll.-CARBONATE  GROUP. 

504.  ThiM  Group  iucludeB  carbonate  (CO3),  sulphide  (S), 
Btil|i|iilo  (SO..),  thkvsulphale  (S./ ^3),  hypochlorite  (CIO),  and 
iiitiito  (No..). 

Sit  I  In  wliii'h  coil  lain  these  acid-Ridicles  evolve  character- 
inlic  ^umm  whou  thev  are  acti'd  u(K>n  by  IICI. 


('auui»n.vti:  (C\VV — I'se  Xa..COo,  or  CaCO^. 

1(05.  UOl,  HA,  U..T,  uiui  aliiK\$t  any  other  acid,  when  it  ia 
|iiiui-iul  upitii  u  carbonate  in  a  tost-tulx^  causes  colourless, 
uliiiiiMt  inodorous  carUm  dioxide  g;is  (COa)  to  escape  with 
oll«uvi'.»itMhM».  This  gas  i^  rcco^nisiHl  by  its  property  of 
till  III  11^  liiiio  waUn'  or  Itarvta-walcr  milky,  owing  to  the  pro- 
(1  tirl.it 111  of  an  insoluble  carbonate. 

Tliti  IMiw  water  T^t  iimy  be  tru\l  in  BCTcntl  ways,  which  are 
ilmi'i'ilxul   Im^Iow. 

1.  A  ^lu'.N  1(mI  which  hu^  Wen  just  reinovod  from  some  (lerfectly 
« li««tr  liniowiitrr,  auvi  which  has  a  small  iln)p  adhcriug  to  its  end,  is 
iiilnuliKMHl  into  the  test-tuhe,  in  whioh  the  carbon  dioxide  has  been 
rV(ilve«l  :  the  ilrop  will  tjuiokly  U\>ome  milky.  Care  must  be  taken  not 
to  iiHow  tho  liul  to  touch  the  liquid  or  the  inside  of  the  tube.  The 
tiiilKiiiciw  iH  bcht  8C0U  when  the  rod  is  removed  and  the  drop  is  held 
iih»»\M'  u  dead  black   surfiU'c. 

2.  Since  carbon  div>xido  ^as  is  much  heavier  than  air,  it  will 
reinuin  in  tho  test-tube  in  which  it  has  been  liberated,  if  the  tube  is 
held  erect  und  its  mouth  is  looM.*ly  closeil  with  the  thumb.  If  the 
tube  is  gradually  inclined,  the  heavy  gas  may  then  be  |K)ured  into 
another  test-tube  containing  lime-water,  without  allowing  any  liquid 
to  How  out.  On  closing  this  tube  with  the  thumb,  and  shaking  the 
lime-water  up  with  the  gas,  the  liquid  will  become  milky. 

3.  Tho  acid  may  l>e  poured  upon  the  carbonate  in  a  small  beaker, 
which  is  immediately  covered  witli  a  watch-glass,  the  under  surface  of 
the  watch-glass  having  a  drop  of  clear  lime-water  adhering  to  the 
middle :  the  drop  will  become  milky. 
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*.  ir  the  COa  IB  givBU  off  iii  considerable  quantity,  it  may  bo  con. 
Jueted  into  some  liuia-imter  oontaiucd  in  a  aep«rat«  tuba.  Tliia  is 
effected  by  either  of  the  forma  of  apparstUB,  whioh  are  shown  in 
ligurc  73. 

Preckntloiu.  ~ln  tcBting  (or  cnrbonato  the  rollowiiig  precautione 
iuil»t  be  attoiuied  to, 

Tlie  itiilkiuPBS.  which  is  at  flj^t  produced  in  liine-watei  by  COj, 
gradually  diMppeare  when  more  CO,  in  ahsorbei!.     H*nce,  if  the  lime- 


Fia.  73. 


t  hecome  milky  at  onci,  ti  luuat  bo 
voustaiitly  watched,  in  order  Co  avoid  the  riak  uf 
the  milkiuess  not  being  observed  before  it  hu  bMU 
removed  by  the  further  absorptioo  of  COj. 

If  tlie  additioD  of  the  first  few  drops  cf  aaid 
to  the  gubntauee  docn  not  cauue  an  olTorvescence 
of  COji  more  oeiii  should  be  iwlded  ;  siiicu  a  car- 
bonate uiay  he  simply  converted  into  an  acid  car- 
bonate by  Ib« action  of  asinall  quimtity  of  ocid,  and 
it  will  evolve  no  CO,  during  this  cbiinge.  ^^^^  i„,.„„ 

A    powdered  solid   aiibstaiice,  which    is  being     q^j,  gvyivBD 
tuted   for  a  caihonate  by   HCl,   should   be  lirat 
uioistened,  in  ordt-r  to  drive  out  the  air-bubbim  entangled  within  it, 
■iniw  if  tlleae  escaped  on  the  addition  of  tile  acid,  they  might  be  ulU- 
tukon  for  a  alight  effervesce uce  of  CO^ 


u  Tkbiiho 


Hyi 


;  Carbosjtk,  or   Hicabuonatb. 


506.  Hydrio  carboiutle,  or  Biou-bonate,  is  dKU(ii)i]>ased  by  beat  itiiu 
normal  carbaiiate,  with  escape  ai  CO,  and  H,0.  Fiave  tliis  by  adding 
•odiain  biuarbouate  (NaUGO])  to  boiling  water  in  a  test-tithe ;  elTer- 
vescence  wiU  ocem- :  2NaH(;o,-Na,CO,4  COa  +  H.O :  the  escaping 
gas  uiuea  milkiness  wbcn  it  is  pusaed  into  lime-water.  The  escape  of 
H,0  is  wen  when  some  NaHCO,  ix  heated  in  an  ignilioit-tuhe,  and 
tlic  evuluCiiiu  of  CO,  may  also  be  detected. 

507.  BgBOj.— A  aolmion  of  bicarbonate,  which  iias  boon  modt-  with 
eofft  water,  given  no  precipitate  with  MgSOj  solution  ;  Imt  after  the 
solutioB  has  been  bailed  it  will  contain  a  normal  carbonate,  and  this 
will  give  a  preaipitjite  of  white  UgCO, 

508.  HgCl,  yields  witb  salutiou  of  bicsrboaate  a  pale  j/clluw  |irouipi. 
Ute  ;  •olutiiili  of  normal  earbonati  yields  an  oranj/crcd  [irecipitate 
with  HgCl,  solution. 

509.  Hydrogen  carbonate,  or  Darbonio  add  (H^GO^,  can  only 
eiist  ill  dilute  oi^ueaui  Bolutiou.     The  addition  of  Bu£oi&utti\ii«-MtaNK.\. 
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to  its  soluttoa  causea  >  [nnntnent  milkinem.      Otlier  inbaUiiOM  ii 
(olution,  however,  behire  to  o  similar  w«y  ;  hcnca  tho  acid  is  h 
found  by  boiling  tlie  liqniii,  and  passing  the  CO^  whiuli  is  eTallod.  1 
with  the  steam,  into  lime-water ;  the  lime-water  will  l>ecame  milky. .  ~ 
Bicarbonatei  gire  the  aame  reanlt  (506). 


Sulphide  (S). — Use  solid  FeS,  or  Bolntion  of  Ara^. 

510-  HCl,  or  H^SO,,  wheu  it  is  poured  upon  many  Bok^ 
phides,  produces  U^S,  'wliich  may  escape  nilti  i-fTervescenovl 
or  may  in  great  part  remain  in  solution  until  the  liquid  uil 
heated.  Thie^  gas  is  detected  by  its  fetid  smell,  which  ra-1 
serables  that  oi  rotten  eggs;  wiil  by  its  property  of  bluokan*^ 
ing  PbA,.  soJutioD,  owing  to  the  formation  of  PbS. 

1'he  gas  nutj  be   luitde   to  act   upon  tlie   TbA^  solution   bj   tlie 
lucthoJs  given  foe  CO,  {505,  1-i) :  or  a  small  stri|i  uf  liller-paper, 
moistcnud  with  the  soiulion,  may  be  inlroduced  into  the 
end  or  a  glosa  rod.     The  paper  Btri)>  should  be  attachi^l  to  the  rod  bj  M 
only  hair  its  length,  io  OS  to  expose  both  surfscee  of  the  lower  port  ot  fl 
the  i.(rip  to  the  action  of  the  gas. 

Sote. — This  test  is  made  mnch  more  delicate,  if  the  filter-paper  b 

molslcoed  with  a  solution,  which  ia  prejinred  by  adding  KHO  U  '    ~ 
ing  PbA,  solation,  until  tbc  precipitate,  which  is  formed  at  firtt,  ij 
just  redisaolved.      The  test'inper,   which  has   been   thus   prepa 
becomes  intensely  blackened  by  H^. 

511-  Ag. — If  solution  of    milphide  ia  dropped  upon  1 
bright  silver  coin,  it  produces  a  black  stain  (Ag^S). 
atoin  may  be  removed  by  rubbing  the  coin  with  moist  lime.    1 

A  solid  sulphide,  which  gives  o£f  H^S  on  the  addition  a 
UCI,  produces  a  black  gtain  when  it  ia  placed  upon  a  silver] 
coin  and  is  moistened  wiih  a  drop  of  HCl. 

512,  Solution  of  Pbij  gives  with  solution  of  sulphide  a 
black  precipitate  (PbS).  The  solution  produced  by  addiq 
KHO  in  excess  to  PbAj  solution  (510,  Note)  is  a  more  d 
cate  reagent  for  this  test. 

513.  The  formation   of  Sulpliocyanide  (650)   mny   be 
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employed  ap  a  very  delicate  test  for  a  eolnble  sulphide.  Tl 
depends  on  the  detection,  by  means  of  Fe^Clfl,  of  tbe  aulpho- 
cyanide,  which  has  been  formed  by  the  action  of  KCy 
solution  upon  the  eutphide, 

514.  Ignition. — Free  sulphur  and  many  sulphides,  when 
tUey  are  strongly  bented  in  a  teat-tube,  give  a  sublimate  of 
sulphur  in  the  form  of  brown  drops  or  of  yellow  powder. 

515.  Ignition  in  the  Air. — Free  sulphur  and  many  sul- 
phides, when  they  are  heated  in  n  tube  open  at  both  ends 
and  held  obliquely  in  the  Harae,  give  off  SO^  gas.  Thin  nas 
may  be  recognised  by  its  pungent  smell,  and  by  causing  the 
colour  of  paper  moistened  with  K,^Cr„Oj  solution  to  chauga 
to  blnisti-green. 

516.  Insoluble  Sulphide,  when  fused  with  NaXO^  in  a 

covered  porcelain  crucible,  or  in  a  hard  gluBR  ifjnition-tube, 
yields  soluble  Na^.S,  whicli  may  be  detected  by  the  above 
teata  (510-513). 

517.  Fusion  with  KNO^  or  simply  heating  with  strong 
HNO^,  converts  a  sulphide  into  a  sulphate,  which  may  be 
detected  in  solution  by  BaCU  (500). 

518.  Hydrogen  sulphide,  or  Hydrosiilphuiic  acid  {H,,S), 
in  aqueous  solution,  is  '■asily  recognised  by  the  teats  dnscribed 
in  paragraphs  511,  512.  Unless  tbe  solution  is  very  dilute 
it  will  emit  H.jfi,  which  may  be  readily  detected  either  by 
its  smelt,  or  by  suspending  lead  acetate  paper  over  the  liquid 

(Sio). 


SD-LPHIT8  (SOb).— Use  NaHSOj. 

519.  HCl,  or  HjSOj,  when  it  is  poured  upon  a  sulphite 
and  warmed,  gives  off  SO^  gas :  this  gas  may  be  recognised 
by  its  pungent  smell  and  by  turning  K^CfjO,  solution  green, 

A  dru|)  of  the  iLfiiJ^,  solution,  bangitit;  on  ihc  cud  uf  ft  glus  rod, 
may  be  exposed  lo  the  gu  (505,  1);  or  annum  ati\\t  at  'aWT-^\«Tnvi.') 


1 


Bad.       Tii:r.*    ir*- :ii::ari:     "iiiS     .      Tav    vnTUiCun    -if   cliii* 
•■-■■:^i:a.r.«  j    T-'-'-ii^ri    i^  ~i:-    i:-"rv!iiv    •{   2'.'!,    )ur  x  in^cipitase 

^  "n-;!  -.I-viri-r  -v  if  v.iii-r  .-  ului-:  '••  "iie  lit-Ai*  =»jiu~un  Jt  BdiSO- in. 

521.  yaaceir  Hyriroiren. — riie  uiiiiiica  ;r  aiLLphice  aolu- 
■.f;a  :.:  1  211:1: 'ir-  :l  E'TI  oz-iL  aJi,  irini.-ii  ia  zivin^^  olf  pare 
I-£.  ::2.ni-*i:ui:t*!.7  ::i:'j*«fs  itl  ■^Tl:L•l■;it:ll  :f  K.>.  The  H^S  is 
;!^r,,»t:r^i  -.7  .3.J  acieil,  :;:  ':7  :  .u.'ii'fn Ji;;  i  ^a*hi^  of  dlter-paper 
:i-:>:;i»r-»ii:  'vizc  -^i-.-rrjW.c.  :t  ?':.L,  :r  :e  PbO  in.  excess  of 
Kil' .'  -510  . 

522.  Hydrogei-  siLlpiiite.  or  STiLpiiTiroia  acid  (H..S«.>j, 
'HIT.  '.*'.  ii:^>rOur:ii  1-  LVieniii  :;..1;3j:-  'i-t  il iiz.:  ^o  'Ai?^  Li<^uid  a 
■  ire J  -i:  K.Cr.'".'-  -ol-:::-:-;  -jL^*  r^iL?!:  'J«:L-:uJ  will  Xm  once 
•■.j-.ar;--'*  Vj  j?tt»r-  >j7:z.-:  .i-vi'?*:^.?  ?cl-irV::  or  hviirivwn 
.■i'l.phiii  -ii-j-A-' V  ^Tolv-ia  >«X.  i-<i  ii!.i:c  ?c-Ji::o£ia  evroLve  SO^ 
when  theT  .ir-:  h^ii-^eii :  "/r^L-  ji.--  =-ij  b«:  r^^tiilj  deMM!ued  by 


V'.H  ro!-::i>Q  of  X.i. >.<>  .5H..O. 


523.  HCl,  or  H_.SO.,  f;-a'ai«jff  uo  inunetiiaie  change  in  ihe 
rohl  yji,\'X\fju  ;  bul  iifter  a  few  eecoiiila  the  acidified  liquid 
)A'.t'/>Utf'^.  turM'l,  owiiii:  Vj  the  .sejiariiion  of  finely -divided 
yellow  S,  and  it  then  contains  H.Srj^ : — H„S„0^  =  .S  +  H^SO^. 
SO^  from  t}ie  IL.S< ),  may  be  recogni.-».-d  by  its  pungent  smell, 
wlifsri  Uie  af;idified  liquid  id  heated  :  and  it  may  be  detected 
in  th«j  Holulioij,  by  adding  a  few  drops  of  K.CroO;  solution, 
wijich  cliungcA  colour  to  green. 
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f             524.  FBjOI,  giveB  a  reddish -violet  colour  witli  solution  of  thioaul-       ^H 
pbatc.     ThU  ™lour  diMppcars  nftor  a  short  time  in  the  oold,  and       ^H 

wine  time  losea  iVt  yellow  uolour,  since  it  ia  changed  from  Fa,Clg  into        ^^| 

nfter  titHndiuft  for  a  short  time,  or  immeilintelj  when  the  liquid  is        ^H 
heateii,  owing  to  the  formalion  of  AgjS :—                                                      ^H 

The  ahovB  precipilalfl  (Ak,S,0„)  digsolves  very  roaiJily  in  eicess  of        ^H 
the  K>^S,0,  solution,  lionc<^  it  is  most  easily  obtain'-d  by  Jropping  the       ^H 
thioanlphate  soluljou  into  souie  A^NO,  aolntion.                                            ^H 

riYPOCH!«mTE  (CIO).— Use  solution  of  BkachinR- powder, 
contiiininf;  CaCl.^C.lj. 

527.  HCIO  is  evolved  from  a  hypochlorite  when  it  is  in 
the  solid  state  or  in  strong  Bolutioii ;  it  ia  probably  liberated 
by  the  action  of  the  atmospheric  carbon  dioxiJe.     Thu  amell 
of  the  vapour  thus  evolvi^d  reaerables  that  of  CI,  but  la  far  less 
irritant  to  the  nose. 

528.  HCl,  or  H.^SO„  if  it  is  added  in  excesa,  sets  free  CI 
from  hypochlorite  in  the  cold.    This  gas  may  be  recognised  by 
ita  Bmell,  by  its  yello«-iah  colour,  and  by  its  power  of  bleaching 
n  piece  of  moistened  litmus-paper  when  the  paper  is  held  for 
a  short  time  in  the  gns.     If  the  CI  ia  small  in  quantity  and 

K       remains  dissolved,  a  piece  of  litmus-paper  may  be  ahalton  up 

H      with  the  solution. 

H                          CaCL,<  I.J  +  4  HCl  =  4Cl  +  CaCl^  +  2ll.fi. 

H           The  bleaching  of  littiins  by  solution  of  hyp.)cliioritB  oecure  slowly 

^V       nascent  oxygen  liberatad  from  the  hypooblorito.      Whan  tho  hypo-          ^^ 
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addition  of  an  acid,   however,   the  bleaching  of   the    litmns-paper 
immnrsed  in  the  solution  is  extremely  rapid. 

529.  FbA^  If  solation  of  hypochlorite  is  added  in  large  quantity  to 
PbA^  solation,  it  gives  a  white  precipitate ;  this  precipitate  becomes 
red  and  then  dark  brown  (PbOj)  when  the  liquid  is  boiled  for  a  short 
time. 

When  hypochlorite  is  heated  with  MnCI^  solation,  it  also  gives  a 
dark  brown  precipitate  (MnO,). 

530.  Hydrogen  hypochlorite,  or  HyxK>chloroiiB  add  (HGIO),  is  a 
yellow  liquid  with  sweetish  smell ;  it  is  very  unstable,  unless  it  is 
largely  diluted.  This  acid  bleaches  litmus,  and  evolves  CI  when  it  is 
wamind  with  HCl. 


Nitrite  (NO2).— Use  KNO^. 

531.  tt>SO^,  when  it  is  warmed  with  nitrite,  causes  a 
reddish-brown  gas  with  a  characteristic  smell  to  be  evolved. 
The  coloured  gas  is  usually  best  seen  by  looking  down  the 
test-tube  at  a  white  surface. 

532.  Cold  FeSO^  solution,  when  it  is  added  to  solution  of 
nitrite,  causes  the  liquid  to  assume  a  dark  colour.  The  colour 
becomes  much  more  intense  when  cold  dilute  HoSO^  is  added. 
The  dark  coloured  substance  which  is  produced  is  a  compound 
of  ^'0  with  FeSO^;  this  compound  is  decomposed  when  the 
liquid  is  boiled,  and  reddish -brown  gas  is  evolved  (531). 

533.  Nitrous  acid  liberates  Iodine  from  Potassium 
io(Hde. — The  nitrous  acid  may  be  formed  by  the  addition  of 
acid  to  a  nitrite. 

Drop  a  little  starch-powder  into  some  cold  water  in  a 
porcelain  dish,  and  stir  and  boil  the  liquid  for  a  short  time : 
then  cool  the  starch  solution,  and  add  to  it  a  few  drops  of 
KI  solution. 

Add  to  this  liquid  some  solution  of  nitrite,  and  then 
several  drops  of  HA.  An  intense  blue  colour  will  be  pro- 
duced. This  is  due  to  the  combination  of  the  starch  with 
the  iodine,  which  has  been  set  free  by  the  lINOo. 
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The  liquid  will  often  api>ear  black  at  first,  and  the  bhia 
colour  will  then  only  become  visible  when  much  water  has 
been  added. 

This  is  a  most  delicate  test  if  the  liquid  is  quite  cold.  But 
the  presence  of  a  nitrite  is  not  proved  if  the  colour  is  pro- 
duced before  the  HA  is  added. 

534.  Hydrogen  nitrite,  or  Nitrona  acid  (HNO,),  ia  nitrrmely 
nnatnblo,  ami  decompoBea  rapiillj  into  HNOj.  NO,  and  H,0.  It 
[ln^rcforc  cvolrea  rcddish'brown  gnu  whoii  iu  Holntioii  ia  ln-alnl  iu  tlia 
air  {531).  Nilroua  add  also  colonrs  FcSO^  solution  (532),  and  liUinites 
i,>;li..e  from  KI  (533). 


Ubtection  op  tbb  Apid-»adiclbs  in  Gbodp  II. 

535.  The  Detection  of  these  Acid-radicles,  when  they 
occur  singly,  presents  no  difficulty. 

Their  detection,  when  they  occur  together,  is  often  com- 
pliciited,  Bince  raost  of  the  acids,  which  are  formed  on  the 
addition  of  HCl  to  salts  containing  acid-radicles  of  this  Group, 
react  upon  one  another.  Thus  HCIO  oxidises  HNO.^  H^S, 
and  ll^,SOj  ;  and  H^SO^  oxidises  H^S. 

The  analyst  may  often  succeed,  by  a  skilful  use  of  the 
above  reactions,  in  detecting  these  acid-radicles  when  they 
are  mixed.  But  their  detection  in  certain  mixtures  is  a  prob- 
lem which  is  only  soluble  by  careful  consideration,  and  is  not 
unfrequently  insoluble, 

SO2  may  be  detected  by  K^Ci.p^  paper:  U^S  by  PbAj 
paper  :  CI  by  bleaching  moist  litmus-paper :  nitrite  by  evolv- 
ing reddisli-brown  gas.  But  CO^  can  only  be  detected  in  the 
presence  of  much  SO^  by  passing  the  gaaos  through  hot 
K^Cr^Ov  solution;  the  S<J,j  will  he  absorbed,  and  the  CO, 
which  passes  on  may  then  be  detected  by  limo-water. 


BiAcnoira  OF  Tire  acid-radiclis.    {am,  aff.] 


GROUT  Iir.— xmtATE  GROUP. 
536'  This  Oronp  includes  nitrate  and  chlorate. 


Salts,    which    contain    theae   acid-radicles,    tesembli 
another  in  many  respects,  more  particularly  in  thn  fact  that 
none  of  them  an?  perfectly  insoluble  in  water;   hence  no 
method  of  precipitatin;;  them  is  known. 


] 


NiTBATs  (NO,).— tr««  KSO,  «nd  Pb(NOJ,. 


4 

ithei 
roam  ^^ 
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537.    FeSO,  BOlutioa  gives  a  dark  brown  colour  1 
Nitric  acid.     Nitric  acid  may  bo  formed  from  a  nitrate  I 
the  additioQ  of  H.,SO.. 

Add  to  some  solution  of  nitrate,  contained  in  a  rather 
broad  teat-tubo,  about  an  equal  volume  of  slrong  HoSO^. 
Mix  the  hquida  well,  and  then  cool  th<<  mixture  in  a  stream 
of  cold  water. 

Now  pour  some  strong  cold  FeS04  eolation  i 
stream  down  the  inside  of  the  tube,  which  is  held  in  a 
inclined  position.  A  distinct  layer  of  the  FeSO,  solatioa 
should  be  formed  on  the  surface  of  the  acid  liquid.  A  dark 
roloured  film  or  ring,  which  sometimes  extends  upwards,  will 
appear  at  the  surface  of  contact  of  the  two  liquids. 

TI10  colour  U  luosl  Busil;  aeea  whea  a  piece  of  filter-paper  is  held 
butwoen  the  tube  and  ■  bright  flsnie  or  nindnK,  Biid  when  oae  look* 
throDgh  the  tube  aad  paper  it  thv  light.  A  mere  yellotc  colour  ii  often 
pTodilceU  in  the  absence  oF  n  nitrete,  and  ma;  be  dUrGgiirdcil. 

The  l«st  U  made  more  delicate  bj  cooling  ihu  liqaid,  since  heat 
prevents  or  leiDDTea  the  dark  colonr.  For  Uiia  purjioge  the  tubp  may  bo 
allowed  to  Btiod  in  a  h«aher  of  cold  water  for  a  ftw  mintilea. 

If  much  Litric  ecid  is  prosent,  the  dark  colour  cztrnda  upwards  m 
ioon  OS  the  stmng  sulphuric  acid  i>  mixed  with  the  F«SO,  aolntion  i 
bnt  the  heat  wbtck  Ik  evolved  by  the  dilution  oF  the  strong  H3SO,  aoon 

'~  ""  "0  to  OBOape  und  to  form  a  reddish-brown  pis  in  the  teat- 
fiili  at  the  aame  time  loaea  its  doj-k  colour  (53a). 
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538.  Copper, — Drop  a  few  small  suraps  of  Cu  into  some 
nitrate  solution,  and  add  etrong  II^SO^.  Reddish-brown 
gas  will  appear  either  at  once  or  when  the  tube  is  warmed. 
If  the  colour  is  faint,  it  is  beat  Been  by  looking  down  the 
tube  at  a  wliito  surface. 

The  liquid  at  the  same  time  becomea  blue  from  the  pro- 
dactioa  in  it  of  copper  nitrate : — 

8UN0a-f  3Cu  =  2N0  +  3Cu(N0,)^  +  4H^0. 

^he  NO  which  is  evolved  is  a  coburleaa  gas,  but  it  yields 
reddiBb-brown  NO^  by  oxidation  when  it  mixes  with  the  air 
in  tliH  upper  part  of  the  veaaol  (43). 

539.  Ittdigo  Bolutlon,  if  it  in  pnuied  in  ■  cnU  ami  dilute  condition 
into  cold  nitrate  iioluUon,  until  tho  mixture  beconiM  faintly  but  di-- 
cidedly  blue,  rstdiuB  its  blue  colour  aucbaugeil  whtMi  HO,  ib  paanvil 
into  tbe  liquid  (seti  Note,  545),  or  wlien  fmfdy-itmiU  H^SO,  eolu- 
tinii  in  tddsd.  This  rewtjon  distingiiishia  n  nitntte  from  a  ubioratc. 
Gouipaiv  witb  [laTagrapb  545, 

540.  Ignition  converts  alkaline  nitrate  into  nitrite  :  hence 
if  any  solid  nitrate  is  heated  to  redness  with  fusion  mixture 
(NajCO,  +  K.,(J(  ^^  on  plntinum  foil  for  several  minutes,  a 
soluble  alkaline  nitrite  is  formed.  If  the  foil  is  allowed  to 
cool  and  is  then  boiled  in  water,  the  alkaline  nitrite  will  be 
disaolved. 

A  portion  of  the  solution  may  bu  proved  to  contain  nitrite 
by  the  starch  teat  (533). 

Another  portion  may  bo  acidified  with  HNOj,  and  will  bo 
found  to  give  no  precipitate  with  AgXOj.  Compare  with 
paragraph  547. 

541.  The  action  of  Hydrogen  also  reduces  nitric  acid  to 
nitrous  acid. 

Add  dilute  H.^KO,  to  some  nitrate  solution,  and  then  add 
some  freshly-made  starch-solution  containing  KI :  no  colour 
will  be  produced :  but  when  a  fragment  of  Zq  is  drojijied  in, 
and  hydrogen  ia  evolved,  the  liquid  will  a^umu  a  deep  blue 
colour  (534). 
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545,  Lxdigo  solution,  if  :;  i*  iil-=ii  ir.  &  o;'i  ifl-iv*  «»- 

t_f  ■'  •'*«**  «  •  » 

H>.rO^  »//i  **:or.  i>.  a«idr?i  ani  ;L-=  iL.ix:*ire  is  sLikeru     Com- 
j/vi  ».';.  ;Ar<i;.;ra:i;i  539. 

S'/t*,  .•j.-'.v;  *..',-;  pr-A^;*  ;fc  of  H^SO^  ri^Jist  be  avoii-,  i  in  tLU reaction, 
»•.  t*  »':..  fo  jy4^.>  :-:02  tr*-i  '^i*if*  th-:  liii-i  which  b  l^i'^^  te5:«U.  The 
'/*<  «i*y  \a:  n»'/tt  f'.A/l.iy  oouicit^i  from  a  lnjttl-  of  Ii'^aid  SO* 

546.  Strong  H^Oj,  when  it  is  {)oared  upon  a  /i7//t  solid 
f:\i\f ft iiUif  ht'/:otn*'M  oraijg';-r«:d  in  colour,  and  when  the  liquid 
iK  H\niktiU  it  hV(j\vhH  a  hrijht  f/tUcnc  ga^  (ClJ-)^) : — 

3KC10j.  ♦-  lf,SO,-a>/^  +  KClU,  +  Iv>80^  +  HoO. 

'I'hiM  ^ixA  huM  a  Hnioll  Home  what  resembling  that  of 
vhloriiH;.       It    undergoes   explosive  decomposition   readily 


[M7-M9.]  GEOUP   m.— CHLORATE.  2 

wliBD  it  is  gently  heated,  and  the  acid  mixture  in  the  tube    | 
accoidiugly  crackles  and  even  detonatee  when  it  is  warmed 
by  tlie  flame. 

Oaation. — TliU  H!>[Kiriiueiit   may   he   ilauguroua,   udIuss  very  Uttlu 
i^lilonte  is  usctl,  and  tlio  mixture  is  then  heated  geotly  with  the  luouth    ' 
<i(  the  test-tube  turned  aivay  from  the  jieisoD. 

547.  Igmtlon  of  alkaline  chlorate  evolveB  oxygen  and 
produces  chloride, 

AgNOj  solution  produces  no  precipitate  with  solution  of 
chlorate  if  clilotiilc  in  absent. 

But  if  some  solid  potassium  chlorate  is  heated  iii  a  test- 
tube,  it  will  fuse  and  give  oS'  oxygen  with  effcrvusuence  :  the 
chlorate  is  meanwhile  converted  into  chloride  :■ — 
KC1U,=KCU0,. 

The  oxygen  gas  may  be  detected  by  holding  iu  the  tube  a 
ahp  of  wood  with  a  spark  at  its  end ;  the  spark  will  burst 
into  a  flame, 

If  the  tube  is  then  allowed  to  cool,  and  the  residue  is 
dissolved  by  heating  it  with  water,  a  portion  of  the  solution 
will  yield  no  evideticc  of  the  preaence  of  a  nitrite  (533). 

Another  portion  of  the  solution  will  yield  a  white  preci- 
pitate (AgCl)  on  the  addition  of  AgNUj ;  this  precipitate 
will  not  dissolve  ui  HNO^  even  on  boiling,  but  will  dis- 
solve readily  in  AmllO  (552) ;  it  is  therefore  produced  by 
the  chloride  which  has  hvon  formed  from  the  chlorate,  and 
indirectly  proves  the  presence  of  chlorate, 

A  chlorate  which  does  not  yield  a  soluble  chloride  must 
be  mixed  with  fusion-mixture  before  it  is  heated  for  tliis 
lest. 

This  reaction  readily  distinguishes  a  chlorate  from  a 
nitrate.     Compare  with  paragraph  540. 


548,  When  a  Chlorate  is  heated  on  Obarcoal  i 

blowpipe- Home,  it  causes  the  charcoal  to  deSagrate. 


the 


549,  Hydrogen  chlorate,  c 

liquid,  ttUiuli  Itrst  reddens  an 


Obloric  add  (HCIO^),  is  hi>  tHlourlou 
I  thou  lilottchisa  Htuioa-yo^i,    "S\i«o.V 
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ia  kept  for  some  time,  it  changes  into  O,  01,  HCIO^  and  H,0.      The 
same  change  occurs  rapidly  when  the  acid  is  heated. 


Detection  op  Nitrate  and  Chlorate. 


550.  There  is  Uttle  difficulty  in  distinguishing  nitrate 
from  chlorate. 

Nitrate  and  chlorate,  when  they  are  present  together,  more 
or  less  interfere  with  one  another's  reactions.  But  they  may 
be  detected  in  the  absence,  or  after  the  removal,  of  chloride 
and  nitrite,  by  lieating  the  solid  substance  strongly  for  a 
short  time,  and  then  testing  for  nitrite  and  chloride  (540, 

547). 

The  preliminary  removal  of  nitrite  may  be  effected  by 
boiling  the  substance  with  excess  of  acetic  acid ;  and  chloride 
may  be  removed  by  precipitation  with  AgNOg,  which  must, 
however,  not  be  added  in  excess. 
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GROUP    rV. — CnLORIDK. 


nEOlTP  rV.— CHLORIDE  GROUP. 

551.  This  Group  includes  chloride,  bromide,  and  iodide. 

These  Acid-radicles  closely  resemble  one  another  in  many 
of  their  reactions.  They  are  precipitated  by  AgNOj  from 
their  solutions,  atter  HNO,,  has  been  added  in  excess.  In 
thia  respect  thay  differ  from  all  acid-radicle^s  except  cyanide, 
ferrocyanide,  and  ferricyanide ;  and  these  are  easily  dis- 
tinguished  by  other  means. 


I 


Chi-oridh  (CI).— Use  NaCl, 

552.  AgNOg,  when  it  ia  added  to  the  Rolution  of  a  chloride, 
gives  a  pure  white  precipitate  (AgCl). 

This  precipitate  collects  into  curdy  masses  when  the  liquid 
is  heated  or  shaken  :  it  rapidly  turns  violet  in  sunlight,  and 
slowly  darkens  even  in  dilTused  daylight. 

Decant  the  water,  and  warm  one  portion  of  the  precipitate 
with  HNOg  :  it  will  not  dissolve.  To  another  portion  of  the 
precipitate  add  AmHO  ;  it  will  readily  diesolve,  AgCl  is 
also  soluble  in  KCy  aohition  and  in  Na._,S20j  solution. 

Decant  the  liquid  and  warm  the  precipitate  with  a  little 
strong  HySOj ;  the  acid  will  remain  colourless,  and  no  violet 
vapour  will  be  given  off,  as  is  the  case  with  Agl  (562). 

553.  Strong  HjSO,,  when  it  is  added  to  a  solid  chloride, 
cansijs  colourless  HCl  to  be  given  off;  this  gas  may  be  recog- 
nised by  fuming  in  the  air,  by  reddening  moistened  blue 
litmus-paper,  and  by  making  a  drop  of  AgNOg  solution, 
acidified  with  HNOg,  milky  (505,   1-4), 

554.  MnOj  and  HjSOj,— Mix  logot\icr  m\.\mi>.'w\.-^  ?a\a» 
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finely-powdered  chloride  and  MnOj  :  then  ndd  strotiK  HjSOj,^ 
and  warm  tlie  mixture  :  chlorine  gas  will  be  evolved  :  - 

2NaCI  +  MnO,  +  Sn^SO,  =  2C1  +  MnSO^  +  2NaHS0^  + 
2H,0. 

This  gas  is  recognised  by  ita  power  of  bleaching  a  piece 
of  moiatenod  litmus-paper,  which  is  introduced  into  the  tabo 
on  a  glass  rod. 

The  most  delicate  way  of  making  the  teat  is  to  mix  the 
substances  in  a  small  beaker,  and  theu  cover  this  with  ft 
watch-glass  which  bears  on  its  under  surface  a  piece  of  moia- 
lenediitmns-paper;  the  mixture  is  then  warmed  and  allowed, 
to  stand  for  some  time,  and  the  test-paper  is  occasionally 
examined  in  order  to  see  if  its  colour  has  disappeared. 

Moist  starch  is  not  coloured  when  it  is  held  in  the  escaping 
gas  :  this  distinguishes  chloride  from  bromide,  when  they  are 
examined  by  this  test.     Compare  with  paragraph  558. 

Many  samples  of  commercial  MnO,  cvcilve  CI  nlien  thej  are  heated 
with  H^O,.  Hencfl,  unless  the  MnO,  has  b*eti  apocially  preparod  hy 
precipitation,  or  is  known  to  give  do  CI  vhen  it  is  heated  with  H^O^, 
it  most  be  heated  with  HjSOj  as  loug  as  any  bleaching  action  is  pro- 
(lui.'ed  on  moist  litmas-paper  helil  in  the  tube;  the  aubatance  to  be 
testpd  nmy  than  bo  acMed,  and  CI  mny  be  a^in  tested  for  wliiln  the 
mixtHFu  is  bcinp  lii-nteii. 

555.  Formation  of  CrO.CL  by  the  action  of  H,,SO,  and 
Chromate. — An  intimate  mixture  is  made  of  a  solid  chloride 
with  three  or  four  times  as  much  K.jCriO^,  by  nibbing  the   , 
two  substances  together  to  a  fine  powder  in  a  mortar.     This 
mixture  is  stirred  with  strong  II.^SO^,  and  is  then  heated  in 
the  tube  or   flask  represented  in  figure  73  (505),  or  in   a  1 
Clarke's  retort  (fig,  74).      Reddish-brown  vapour  (CrOjClj)  1 
will  he  evolved  :— 


4NaGl  +  K.,Cr.,Oj  +  6H..S0^  = 
2KHSO,4 


=  2CrO.Cl3 
3H,0. 


4NaHS0,  - 


If    the  vapour  escaping  from  the  delivery-lube  is  p 
iato  aaiue  wat«T  contained  in  a  test-tube,  at  in  the  bend  o 
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[SW,  697.] 

the  condenser  of  Clarke's  apparatus  (fig.  74),  the  water  will 
become  rodduh-jellow  in  colour,  owing  to  the  formation  of 
H.CrOj  :— 

CrOjClj  +  2H^0  =  RjCtOj  +  2HCI . 

When  excess  of  AmHO  is  adiled  to  the  reddish -yellow  liquid, 
Ihe  colour  will  changa  to  pale  yellow,  since  Am,CtO(  is 
formed.     When  exeesB  of 
HA  is  added,  the  original  ^'"-  ^^'■ 

reddish -yellow  colour  will 
be  reproduced ;  and  the 
presence  in  this  liquid  of 
HjCrOj,  and  therefore  of 
chloride  in  the  original 
substance,  may  be  proved 
by  the  (orraation  of  a  yel 
aildition  of  PbA.j  solution. 

O«itlon. — Tha  diitectioii  ofa  clilorjilo  by  tliiti  method  drpcnils  on  the 
rornintion  o(  H,CiO,  by  the  action  of  the  water  in  the  tubs  on  the 
vniKiTir  ofCrOjCly  Great  care  must  therefore  ba  taken  that  noDQ  of 
the  mixture  containing  chromate  or  cbnimic  add  ia  allawed  to  poaa  inlA 
ths  dcliverj-tuho  and  thence  into  the  water ;  ainco  if  lliis  occurred 
ohroniic  add  would  be  found  even  wlien  no  chloride  vlaa  [jrusent. 

Care  must  aleo  be  taken  thut  tlie  water  ia  not  auckcil  bnck  into  the 
hot  atrong  H^O,  when  the  apparatus  shown  iu  fig.  73  is  used.  Thia 
!a  prevented  by  raiaing  the  delivery-tube  nut  of  Ihe  wnter  aa  snoii  as 
Ihu  heating  h  8lop[K>d. 

556.  Hydrogen  chloride,  or  Bydrochloric  oeid  (HCl),  is  a  coloiii'- 
lesi  gas,  which  ftlraee  in  the  air,  and  Jiasolvea  very  readily  in  water. 
Both  the  gas  and  ita  solution  render  AgNO,  solution,  which  haa  been 
Boidilled  with  HNO„  milky.  The  solution  of  the  acid  evolves  chlorine 
^  Hlien  it  is  heali'd  with  MnO,, 


I 


Clarkk's  Retuut. 
'  procipitfite  (Ph(JrO,)  on  the 


Bbomidh  (Br).— Use  NaBr. 

557'  ^S^^3>  "hen  it  is  added  to  solution  of  a  biomide, 
gives  a  yeUoinsh-whilc  precipitate  (AgBr). 

This  precipitate  is  easily  coagulated,  when  the  liquid  con- 
taining  it  is  heated  or  aliakea;  it  is  ia'toln.^iVft  m  W'&''^.„ 
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easily  soluble  in  KCy  solution  and  in  NagS^O^  aolution,  and 
slightly  soluble  in  AmHO,  It  rsEembles  tbe  precipitate  of 
AgCl  in  these  respects;  but  it  is  distinguiBiied  from  AgCl  by 
its  yellowiali  colour,  and  its  slight  solubility  in  AmOH, 

If  the  liquid  is  decanted  and  the  precipitate  is  lieated  with 
strong  Hj30f,  no  violet  vapour  will  be  evolved,  as  is  (he  caea 
with  Agl  (562). 

558.  Strong  H.,SOj,  it  it  is  heated  with  a  bromide,  cause* 
the  evolution  of  pungent  acid  fumes  (HBr),  which  are 
accompanied  and  coloured  by  reihUth-broimi  vapour  of  Br. 
This  vapour  somewhat  resemblea  C!  in  smell,  and  it  bleaches 
litmus,  hut  it  differs  from  CI  in  colour. 

The  bromine  vapour  may  also  be  recognised  by  its  powar 
of  staining  cold  moist  starch  orange-red.  The  starch-powder 
may  be  taken  up  on  the  wetted  end  of  a  glass  rod,  and 
then  moistened  by  hreuthing  upon  it  several  times. 

If  MnOj  is  mixed  with  the  bromide  before  H^SO,  is  added, 
Br  is  evolved  in  greater  quantity  (554). 

555.  Chlorine-wftter,  or  solutiou  of  bloucbing  powderwhioh 
has  beeu  acidified  with  HCl,  if  it  is  added  carefully  drop  by 
drop  to  solution  of  a  bromide,  liberates  Br,  and  this  colours 
the  solution  orange- red. 

l)B  careful!}'  avoided,  siuce  CI  com- 

Warm  a  part  of  the  coloured  solution ;  reddish-brown  Br 
vapour  will  bo  given  off,  and  will  stain  cold  moist  starcll 
omnge-red  (558). 

Add  carbon  bisulphide  (CS„)  to  another  portion  of  the 
coloured  solution,  and  mix  the  liquids  well  by  shaking  them; 
tlie  Br  will  be  dissolved  away  from  the  water  by  the  CSj. 
If  the  liquid  is  allowed  to  stand  at  rest  for  a  short  time, 
the  reddish-brown  aolution  will  sink  beneath  the  colourless- 
water. 

If  a  littU  EHO  Eolation  is  now  added  aiA  the  liquids  are  shiken  np 
together,  the  colour  of  the  Br  will  diiappear  from  tho  CS,i  thit  ic 


[5eO-M2.] 


GROUP  IV. — IODIDE, 


560.  Evolution  of  Bromine  on  addition  of  H„SO,  and 
Chromate. — If  an  intimate  mixture  of  a  aoiid  bromide  and 
K.jCr.O;  is  heated  with  strong  IIoSO[  in  thfl  apparatus 
described  in  paragropb  555,  reddish-brown  bromine  vapour 
will  be  evolved  ; — 

GNaBr  +  KjCrpT  +  11H„80,  =  3Br,  +  Cr„(  80^),  +  6NftHS0^ 
+  2KHSO,  +  7H,,0. 

The  Br  vapour  may  be  passed  into  water,  and  it  will  colour 
the  bquid  reddish-brown. 

If  CSj  is  then  shaken  up  with  part  of  this  brown  solution, 
it  will  dissolve  away  the  Bp  and  will  settle  beneath  the 
colourless  water  as  a  brown  layer. 

If  another  part  of  the  brown  aqueous  solution  of  Bt  is 
shaken  with  AmHO  or  KHO,  the  colour  of  the  solution  will 
be  destroyed. 

These  reactions  serve  to  detect  a  ohloride  in  the  jireaence 
of  a  bromide.     Compare  with  paragraph  555. 

5fii,  Hydrogen  bromide,  or  Hydrobromic  acid  (HBr),  is  n  rolonr- 
t«8i,  soluble  gas,  wliicli  fumes  in  tlio  air,  and  cIdmI;  rasctnblcs  HCl. 
Iti  solntion  differs  froni  that  ot  HOI  by  ovolring  coloarod  Br  vapirar 
when  it  is  heated  nith  MnO,. 


I 


lODlBE  (I).— Use  Id. 


562.  AgNOj,  when  it  is  added  to  solution  of  an  iodide 
gives  a  i/ellow  precipitate  (Aj?!)- 

Thia  precipitate  is  easily  coagulated  when  the  liquid  con- 
taining it  is  heated  or  shaken :  it  is  insoluble  in  IINO,,,  very 
slightly  soluble  in  AmHO,  but  easily  soluble  in  KCy  solution 
and  in  'S&.^Si^  solution. 

The  precipitate  of  Agl  differs  from  the  precipitates  of 
AgCl  and  AgBr  by  its  colour  and  by  its  votj  aU^A  s«\\^\\\i^ 
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in  AmHO  ;  but  it  is  diBtinguished  with  greater  certaintf  i 
its  behaviour  when  it  is  beated  with  atrong  II^SO^. 

ff  the  liquid  is  decanted  from  the  precipitate,  and  tihsj 
precipitate  is  then  heated  with  strong  K^SO^  the  acid  wiUJ 
be  coloured  red,  and  violet  vapour  of  iodine  will  be  s 
looking  down  the  tube.     The  coloured  vapour  is  most  dis*** 
tiuctly  Been  after  the  tube  lus  been  allowed  to  cool  for  a 
short  time. 

If  a  mere  trace  of  iodine  vapour  is  evolved,  it  may  1 
detected  by  holding  in  the  tube  a  gla^  rod  which  has  bee 
dipped  into  freshly-made  starch  solution;  the  starch  will  I 
coloured  blue. 

The  starch  solution  i>  made  hj  stirring  a  liitU  stared  powder  witbl 
ftoiiiii  irMer  in  a  smnll  poro'lain  iHsh,  tlicn  lioiling  Tor  a  Tew  second*^  I 
:ind  cooling  the  solnlion. 

563.  CnSO,  solutioii  produces  a  white  precipitate  (Cu.jIJf  I 
in  solution  of  iodide,  and  caiisee  the  separation  of  imline^J 
which  colours  the  liquid  brown  ; — 

4KT  +  2Cu.S0^  =  Cu.jla  +  2K.SU,  + 1., . 

If  the  copper  sulphate  solution  Ims  been  mixed  with  s 
tion  of  HjSOj  or  of  FeSU^  before  it  is  added  to  the  todidi 
the  precipitate  and  liquid  are  not  discoloured  by  free  iodin 

3CUSO4  +  4KI  +  IlaSOg  ■§-  H„0  =  Ou^Ij  +  3K„S0,  +  n.^0^ 

+2in. 

The  formation  of  the  precipitate  is  accelerated  by  v 
the  liquid. 

Separate  this  precipitate  from  the  liquid  by  decantatioi 
or  by  filtration,  and  warm  it  with  strong  H.jSO, ;  the  a  " 
will  become  red,  and  violet  iodine  vapour  will  be  evolyed. 

Solution  of  chloride  or  of  bromide  is  not  precipitated  oiU 
the  aildition  of  CuSO.  solution. 


564.  Strong  HjSO,,  if  it  is  warmed  with  a  solid  iodidi 
lauses  the  evolution  of  acid  fumes  (III),  accompanied  1 


violet  iodine  vapour.  If  the  iodine  vapour  is  large  in  quan- 
tity, it  will  condense  on  the  inaide  of  the  tube  as  a  blaok 
solid. 

The  iodine  vapour  colours  starch  solution  blue.  Thia  may 
be  proved  by  hoUling  in  the  vapwur  a.  glass  rod,  or  a  strip  of 
paper,  which  has  been  moistened  with  freshly-made  starch  solu- 
tion ;  or  hy  pouring  out  the  heavy  iodine  vapour  into  a  white 
porcelain  dish,  the  inside  of  whioh  has  been  wetted  with  the 
starch  solution. 

Iodine  is  evolved  in  larger  quantity,  if  MnU^  has  been 
mixed  with  the  iodide  before  it  is  warmeil  with  H^SO,  (554). 

565.  Chlorine  water,  or  solution  of  blenching-powder 
which  has  been  acidified  with  UCl,  if  it  is  added  carefully 
drop  by  drop  to  solution  of  an  iodide,  sets  iodine  free.  The 
iodine  dissolves  iu  the  water,  coloiu'ing  it  brown :  some  of 
the  iodine  may  also  separate  as  a  black  powder. 

The  addition  of  CI  in  excess  must  be  carefully  avoided,  as 
it  would  form  colourless  iodine  ohloride,  which  does  not  give 
the  following'  rooctions. 

Divide  the  brown  liquid  into  three  parts  in  three  test- 
tubes, 

1.  Heat  one  part;  violet  iodini!  vapour  will  be  given  oil', 
and  will  be  soon  on  looking  down  the  tube  at  a  white  surface. 
The  colour  is  most  distinctly  seen  if  some  strong  H^SOj  is 
added  to  the  liquid  before  it  b  heated.  If  a  glass  rod  is 
dipped  into  starch  solution  and  is  then  held  in  the  iodine 
vapour,  the  starch  will  become  blue. 

2.  To  another  portion  of  the  brown  solution  add  starch 
solution;  an  intense  blue  colour  will  be  produced.  The 
colour  often  appears  black,  unless  much  starch  solution  is 
added  and  the  liquid  is  largely  diluted.  When  the  solution 
is  heated  it  becomes  colourless,  but  it  often  regains  its  colour 
on  being  cooled ;  the  solution  must  be  diluted,  and  the  starch 
must  be  added  in  excess,  in  order  to  insure  the  removal  of 
the  colour  by  heat. 

3.  To  the  third  portion  of  the  brown  aolvil^ti^i  «A4  ^  ft3«^ 
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of  CSj  and  ehake  well ;  the  CS^  will  dissolve  the  iodine,  and 
this  solation  will  gradually  aetlle  down  as  a  heautlful  violet 
layer  beneath  the  water,  when  the  liquide  are  allowed  to 
stand  at  rest. 

Pour  in  a  little  EHO  solutioa,  and  ah&ke  tbe  liquids  together ;  the 
violet  colour  of  iho  CS,  will  diw|ipci>r,  owing  to  the  fannstion  nf  the 
volourlcBS  itnltit  KI  and  ElOg. 

566.  Nitrous  acid  (HNO,,).— If  a  little  KNO^  is  diaaolyi 

in  solution  of  an  iodide  and  a.  dilute  acid  is  added,  HNOj  il 
produced  and  liberates  the  iodine. 

A  solution  of  N.jO^  in  dilute  HjSO^  also  aeta  free  iodiin 
from  an  iodide  (II52). 

The  iodine  thus  liberated  may  be  identiJied  by  the  thi 
methods  which  are  described  in  paragraph  565 ;  of  these  t 
starch  test  and  the  CSj  test  are  the  moat  delicate. 

When  the  two  reagents,  mentioned  above,  are  used  fad 
liberating  iodine  from  an  iodide,  they  present  the  advanta 
over  Gl,  that  they  do  not  hinder  the  detection  of  the  iodim 
even  when  they  have  been  added  in  excess.  They  also  prese 
the  advantage  tliat  they  do  not  liberate  Br  from  a  bromide, 

567.  HgOLj  wlation  pves  with  solutiou  0I'  an  ioilida  a  sea 
pitatc  (IIi(Ig),  whinli  la  easily  Bolublo  in  cxeess  or  solution  of  HgClj  q 
of  ttoltilik  iodide.      With  a  suliition  of  bromide  or  chloride,   HgO^I 
givi'S  no  precipitate. 

5G8.  FbA,  lolntion  gives  with  Bolation  of  iodide  a  bright  yttlM 
precipitatB  (Pblj) :  if  this  prvcipilata  is  diaaolved  iu  the  least  poaslMl 
quantity  of  boiling  water,  it  nep^ratea  Bgitin  in  tbe  form  of  beautif  ' 
golden  yellow  crystals  when  tbe  liquid  is  cooled. 

With  solution  of  bromide  or  chloride,  PbAg  aolntion  gives  a 
precipitate. 

569.  Hydrogen  iodide,  or  Hydriodic  acid  (HI),  is  a  colourlsa 
fuming,  Boluble  gas,  resrmblitig  EC1  and  HHr.  Its  inlntion  dilfM 
from  solution  nfHCl  or  of  ERr  by  evolving  iodine  when  it  is  hca 
with  MnO^ 


[670.  B71.»]  DRTECTION   OF  THE   nAI:0nKN3. 


3BTECTI0N    OP  Clir.OBlUB,    BttOUIDU,    Olt    loDIUE,    WllHN    IT 
0CCDB9   ALONE. 

570.  Chloride,  Bromide,  or  Iodide  ia  easily  detected  by 
the  foregoing  teats.  The  reactions  given  in  paragraphs 
554i  555  "''^  perhaps  the  most  characteristic  tests  for  a 
chloride;  and  the  tests  described  in  paragraphs  558,  559, 
560  distin^'tiish  a  bromide ;  an  iodide  in  detected  with  the 
greatest  ease  and  certainty  by  the  reaction  described  in  566' 

The  colour  of  the  precipitate  which  has  been  produced  hy 
adding  AgNO,  to  the  solution  made  acid  with  TIKO^  and 
the  behaviour  of  this  precipitate  with  Am  IIP,  are  less  trust- 

irthy  indications   than    the  above  tests ;    but  they  often 

rve  to  demonstrate  wliich  of  these  aeid-radiclea  is  present. 
Agt.!l  is  pare  white  and  is  very  easily  soluble  in  AmHO ; 
Agflr  is  pcUe  yellow  and  is  not  readily  soluble  in  AniHO ; 
while  Agl  !B  primi'oxe-ycllow  and  is  almost  insoluble  in 
AmHO. 

The  action  of  hot  strong  If^SO^  on  the  precipitate  of  Agl, 
which  it  described  in  paragraph  562,  ia  also  distinctive  of 


DsTiccnoN  OF  Chluriob,  Bromide,  and  Iodidb,  wubk 

TUBY    OCCUR   TOOKTHKR. 

The  detection  of  these  acid-radicles,  when  they  occur 
together  in  solution,  may  be  eti'eeted  hy  either  of  tlie  methods 
which  ate  described  in  paragraphs  572,  573-  ^1'"  method 
in  par.  572  will  be  foimd  to  be  the  more  rapid  in  practice. 

If  chloride  is  known  to  he  absent,  bromide  and  iodide  may 
be  tested  for  by  the  method  described  iu  paragraph  574. 

Insoluble  salts  must  be  treated  as  is  directed  in  paragraph 
571,*  before  they  can  be  examined  by  the  following 
methods. 

571.*   iDioluble  Oompoundi   mnsl   li 

NjijCOj,  in  order  to  obtojii  tin-  cbloriiic, 
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Boiling  with  Na,CO,  solntion  will  eflect  tliis  change  in  tlie  caae  of 
»ame  aubsUticus,  but  lieatlDK  the  finulf -powJersd  subsUora  witb  three 
times  it>  freight  or  hiBion  mixtani  (Na,COj, -i- KjCO,)  on  pUUntitn 
foil  01  in  1  platiuuni  cuiniile  ia  ■  mom  certain  and  general  inothod. 

The  cirboDntcs  are  taaed  for  aliuut  ten  miuatex  :  tLb  mass  is 
■llaweil  to  coo],  and  ta  thru  baited  with  nabir  and  iiltcrod,  and 
tlie  Gltrale  is  eianiiued  by  one  of  the  Tollowiug  mcthoils  (572,  573> 

574). 

This  tieatnieiit  ivitb  Cased  alkaliuc   carbonates  may  bu  em]iluy«d 
for  rendering  the  iirccipitale  which  has  i»en  ptoduci-J  by  AgKO,  (SS*fcJ 
557,  562)  aailable  for  the  following  eisuiinntinu.  WM 

57Z*  I'iret  Method.— Tlie  most  convenient  method  of' 
oxaminuig  for  tbe  presence  of  chloride,  bromide,  and  iodide, 
when  they  may  be  present  together  in  ati  aquaoua  solution, 
coDKieU  iu  testing  fot  bromide  and  iodide  in  one  part  of  the 
liquid  by  the  chlorine  test  (559,  5^5)  i  then  driving  off  bro- 
mine and  iodine,  if  they  are  present,  from  another  part  of 
Iho  liquid  by  means  of  addiiied  K^Mn^O^  solution,  and  test-,  . 
ing  for  chloride  by  means  of  AgNO„  (552). 

The  oqiieous  solution  of  tlie  Biibstanoo  is  referred  to  below  a 
"  original  solution."    It  the  substance  to  bv  tented  ia  jntalabla  1 
water,  it  must  lie  treated  with  HafiO^  as  is  directed  in  puagiaph  5 
ill  order  tu  obtain  the  auid-radiclea  iu  solution. 

To  a  portion  of  the  solution,  containing  the  mixture  to  I 
tested,  add  a  few  drojis  of  CS^ ;  then  add  to  it  cautioui 
drop  by  drop,  either  chlorine- water  or  acidified  sohitioa  j 
bleachitig-powder,  and  shake  the  liquid  after  each  additioa.1 

J/  tlie  VS.,  doen  not  becMite  Coloured,  bromide  and  i 
are  absent :  chloride  may  then  lie  tested  for,  by  adding  | 
another  part  of  the  ori^^nal  solution   HNO,  iu  excess  t 
AgNOa  (552). 

1/  tfie  CS^  becomen  Coloured,  note  tbe  colour  which  fin| 
appears.  If  the  CS^  becomes  brown  at  once,  bromide  j 
present  and  iodide  is  absent :  if  the  CS.j  is  coloured  t '  ~ 
iodide  is  present,  and  the  cautious  addition  of  the  chloii) 
solution  must  be  continued  with  shaking ;  if  the  C8g  tiu 
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brown,  tlie   presence  of  bromidn   ia   pcovod  ;    if    no  brown 
colour  appears,  brociidp  is  abseut. 

Proceud  to  teat  for  chloride  as  ia  directed  below. 

Remove  bromine  and  iodine  froin.  itnotlior  portion  of  ttm 
original  solalion  by  acidifying  witli  dilute  HjSO^,  addinj;  a 
little  potassium  permanganate  solution,  and  boiling  the  solu- 
tion in  a  porcelain  diah  until  the  brown  colour  of  the  liquid 
disappears.  Tbeu  add  more  permanganate  solution  cau- 
tiously and  boil  the  liquid,  and  uonttnue  theae  proccesoB  until 
the  addition  of  permanganate  no  longer  produces  any  brown 
colour,  and  the  liquid  letaine  a  pale  pink  colour  for  a  few 
Beconds  :  thia  proves  that  all  bromide  and  iodide  have  been 
removed. 

Now  add  AgNOg  :  the  formation  of  a  white  precipitate 
wil!  prove  the  presence  of  chloride. 

573.*  Second  Method.— Tlie  motliod  or  oxamiontiou  is  vnricd 
Bcconling  on  iodide  \i  proasnt  or  nbauiit.  Siiii^e  chloride  canuot  b« 
dcteatcd  in  the  preseooe  or  iodide,  tlie  iodide  raust  be  sspinted 
Iwroni  i)tw»«ding  to  examiue  for  the  diloride. 

To  a  iinaii  portinK  0/  thr  original  SoliUCun,  tvhiah  has  Ihmd  mnde 
just  acid  by  llie  additiuu  of  dilute  HjSO,,  add  a  tittle  cold  frcahly- 
IiTi'pared  starcli  eolutiDD.  Tlien  adil,  dra])  by  drop,  either  Htrong 
HNO^  or  Bolution  of  uitroua  &cid  (566).  The  k]i])«araQce  ot  a  dark 
bluo  coloralioii  will  »liow  the  Preacne*  0/  Iodide. 

Examine  tlie  remainder  of  the  oiiginal  sulutiou  for  chlaiidc  and 
bromide,  acconling  to  the  directions  ^vou  under  [u]  or  (i),  the  aulwtion 
of  the  nictliod  depending  upon  whether  iodide  haa  been  foiuid  or  not 

(a).  Iodide  ii  Freseat.—Adi  to  the  solutioii  a  mixture  of  CuSO, 
aolutiou  with  hair  iti  meuure  of  sti-oDg  lljSOj,  solution,  mid  warm 
gotitly  tor  a  short  tiinp  ;  Cuglj  will  bo  precipitated  [563). 

In  onler  to  ascertain  whether  the  iodide  hu  been  entirely  predpi- 
t«t«d,  filter  a  aiiiall  quantity  of  the  liquid  and  w&rui  it  with  n  little 
more  of  tliD  alwve  reagont.  If  nny  further  precipitate  ia  produced, 
return  the  littered  [lortiou  tn  the  unliltered  liquid.  Then  add  niore  of 
the  reiLgeut  to  the  whole  of  the  liquid,  whiiu  it  agitin  for  a  time 
and  teat  it  ogdju,  lu  order  to  Bee  if  the  removal  of  iodide  is  complete. 
Eepoat  these  trials  until  a  small  portion  of  the  filtrate  gives  no  further 
preoipiute,  when  it  in  wanned  with  more  of  the  reagent. 

Tlieu  filter  the  liquid  until  it  is  iicrrmtly  cli-ar,  add  KHO  in  exceaii 
to  the  filtrate,  and  boil  the  liquid.      Filter  olf  tha  \nuci^>jt,'ue  \}u^ 
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produced  ;  and  test  the  RUratn,  which  is  now  free  from  iodide,  I 
bromide  aud  chloride  u  is  directril  helow  (i). 

{b).  lalide  is  Absent.— Unke   the  solatiou  alkaline,   if   it   ia 
already  so,  bj  the  addition  of  pure  KHO  ;  and  evaporaln  it  to 
iieaa  in  a  porcelsiu  diab.     Scrape  tiia  residue  off  the  oidoa  of  the 
and  mix  it  with  three  oi  four  times  ae  lutiuli  iKiwdared  KiCTiO,,  1 
mbbing  tlie  two  gubstancea  together  in  the  diah  with  a  pestle  (555).  | 

TruDsfer  this  mixture  to  the  tube  or  Ihuk  shown  in  figure  Ti  {Sfi  ' 
or  to  s  Olarke'B  retort  (fig.  74.  555),  taking  the  greatest  care  I 
none  of  the  powder  remain  in  the  ueck  or  in  the  delivery-tulic. 

Then  (lour  in  eulfideiit  strong  E^SO,  to  cover  the  jiowder  ti 
dupth  of  about  a  quarter  of  an  inch,  and  dip  the  end  of  the  doIi*e 
tube  into  water  eootained  in  a  test-tube  o 
and  powder  by  cnutious  shaking,  and  warm  the  niitare  genliy  ;  car 
full]'  guarding  against  any  of  the  mixture  passing  over  into  the  Wat 
in  the  test-tube  or  rec«ivi:i. 

As  aoon  as  no  more  red  dish-brown  va]>our  is  visible  in  the  delival; 


ealing,  and   immediatel;  withdraw  the  tsU 


tube,   diaeontiaue  Che  1 
co[itaining  tlio  water. 

If  no  coloured  vapour  has  been  evolved  and  the  water  in  the  h 
is  tolourleaa,  cliloride  and  bromide  are  obsent. 

If  the  water  is  coloured,  pour  into  it  sufficient  GS,  to  farm  a  1^ 
about  half  an  inch  in  depth  at  the  bottom  of  the  teat -tube.  Close  d 
mouth  of  the  tube  with  the  thumb,  shake  the  tube  vigorously,  i 
thou  allow  it  to  stand  at  reat.  If  the  CS^,  as  it  settles  down,  sbawi 
brown  colour,  (Aa  Presence  of  Br,  derived  from  Bromide,  is  shown. 

Separate  the  water  from  the  CS,  by  pouring  it  through  a  wet  liltl  , 
add  to  tlie  filtrate  AmHO  in  excess,  tlien  Hi.  in  excess,  and  tlq 
PbA,  solution,  Tlie  rormatiou  of  a  yellow  precipitabi  indicates  tl 
prcecnco  of  H  chromste,  aud  this  proves  indirectly  that  Gklmide  N 
prtteat  (S5S)  in  Ihe  original  substance 

574.*  Iodide  And  Bromide  may  be  testeii  for  in  the  solution  as  foUov 

Pour  sufficient  OS,  into   the   liquid  to  form   a  large  drop  at  ( 

bottom.      Thuu  add,   droji  by  drop,  either  dilute  uhlariue  water  q 

auidilied  solution  of  bleaching-powder,  shaking  thoroughly  after  ei 

additioti, 

Iodine  will  be  liberated,  if  iodide  is  piesent,  aud  will  colour 
C8,  purpU. 

Bromide  may  then  be  detected  by  continuing  the  addition  of  6 
Bolution  very  eaotiously  :  the  violet  colour  will  disappear,   and  f* 
apprarunce  of  a  Irrown  coloration  in  the  GS,  will  indicate  the  pm 
of  bromide :  the  brown  colour  may  alau  be  dvatroyed  by  the  furthl 
•ilditiou  of  chlorine  soluiiou. 


[675-678.]  GBOUP   V. — PH08PBATB  GROUP. 


GROUP  v.— PHOSPHATE  GROUP. 

575.  This  Group  utcludes  phosphate  and  arsenate. 

Phosphate  and  Arsenate  rcBemhlo  one  another  closely  in 
many  of  their  reactions.  They  present  points  of  difference, 
however,  wliioli  render  their  distinction  possible, 


I 


PuoePHATB  (PO,).— Use  Xa,jnPOvl2H30. 

576.  MgSO,  Bolution,  to  which  some  AmCl  has  been  added 
and  then  a  little  AmliO,  f^vea  with  solution  of  a.  phoaphate  a 
white  crystalline  precipitate  (MgAniP0,,6H,^0), 

This  precipitate  is  almost  insoluble  in  AmHO,  but  is  eaaily 
soluble  in  acids.  If  very  little  phosphate  ie  present,  the 
precipitate  often  appears  only  when  the  liquid  has  been 
gently  warmed,  then  well  stirred  or  shaken,  and  then 
allowed  to  stand  for  some  time. 

577.  Fe^Cl„  solution,  it  it  is  dropped  into  phosphate 
eolubion,  to  which  a  little  HA  and  NaA  solution  have  been 
previously  added,  gives  a  yellowish- white  precipitate  (Fel'O^). 

578.  Ammonium  molybdate  (AniEUoO,). — When  a  drop 

of  phosphate  solution  is  adf.lifd  lo  a  solution  of  ArnHMoOj 
in  HJIO;„  it  gives  a  yellow  precipitate. 

The  formation  of  tliia  precipitate  is  hastened  by  //entlj/ 
warming,  and  stirring  or  shaking,  the  liquid ;  but  the  preci- 
pitate appears  only  after  a  time  in  very  dilute  solution  of 
a  phosphate. 

A  part  of  the  precipitate  usually  adheres  lirmly  to  the 
inside  of  the  tube;  this  may  ho  removed  by  solution  of 
KHU,  NaUO,  or  AmHO,  in  which  it  is  readily  soluble. 
The  precipitate  is  only  slightly  soluble  in  inorganic  acida, 
and  \n  practically  insoluble  in  HNO^. 


I 
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FiDcaatfoni.— This  is  a  most  delicate  leat  if  U  is  properly  perfortnail. 

It  serves  to  detect  the  jircaeiico  of  mere  traces  of  phoapbalo,  wlian 
uirefn!  attention  U  paid  to  the  following  precaotiona. 

Tbe  AitiHUdO,  aolutioa  mu«t  lie  prepared  arcordingto  the  directions 
given  in  pamgrapb  1162,  Hemark  10. 

Tlie  solution  to  be  tested  iniiat  not  bo  alkaline  to  tiist-po|>er-  It 
shoald  be  made  distinctly  acid  by  addition  of  HNO3,  sad  then 
added  in  amall  quantity  o»C]i  to  some  of  the  AniBMoO,  solution  in  a 
tesl-tube.  More  of  tlio  Botiatinn  must  only  b«  addud,  if  no  yellow 
precipitate  forms  after  the  liquid  has  been  geatly  wanned  and 
stirred. 

This  lost  prccuution  is  extremely  important ;  since  the  j>rcsi'nca  of 
an  e»<tis  of  phoiphale  alliytlker  prcvenU  tht  /onnatian  of  the  preti- 

Sbon  that  this  is  the  ease,  by  pouring  a  few  dra]«  of  AmHHoO^ 
(olution  into  some  Na,HI'0,  Bolulion  which  bu  been  aeiiilied  witti 
ENO].  No  precipitate  will  form  even  when  the  liquid  is  healed  and 
shaken,  since  the  phosphote  is  present  in  large  quantity  hs  compared 
with  the  AmHMoO^.  If  a  few  drops  of  this  liquid  mixture,  howsrcr, 
are  now  added  to  some  fresh  ArnHMoO^  solutioD,  the  predgiiULte  will 

It  must  also  be  remembered  that  the  pri^sence  of  much  HCI  retards  M 
prevents  the  formatiou  of  this  preuipitate.     A  eotution  of  the  1 
sddiSod  with  nitric  acid  alone,  should  tliorefurc  he  used  if  possible. 

579.  AgNOgi  yellow  precipitate  (Ag^rOJ  :  pour  off  ft.i 
portion  of  tlie  liquid  with  tho  precipitate  atid  ebow  tlutt  1 
the  precipitate  is  soluble  iu  AmUO  and  in  HNO^. 

5S0.  Ignition  with  Mg  or  Na. — A  very  delicate  t«it  for  tbe  ] 
of  P,  occurring  in  tbe  form   of  phosphate  or  otherwlae,  con 
strongly  beatau);  the  dry  solid  substance  with  Hg  powder,  or  witli  ■ 
■mall  piece  of  Na,  in  a.  little  tube  of  hard  glass  dosed  at  one  enit,^ 
Wlien  tho  cool  tube  is  broken  and  the  {lowdereil  sabstanco  b  breathe" 
upon,  a  smell  of  anionB  will  be  jwrcoived  ;  this  is  due  to  the  produc  ~ 
and  Escupe  of  FR„  which  has  been  formed  by  tlie  action  of  the  moii 
of  the  breath  upon  tbe  nictnllii:  phmphide. 

581.  Flame  Coloration. — It  a  phouphuto  is  mode  into  a  paste  n.. 
stroug  HjSOj  and  the  mixture  is  tlien  heated  strongly  at  the  tip  of  tl 
iuncr  li  low  pipe -flame,  it  gives  u  bluiafi-y'im  cotuur  to  the  flai 

582,  Blowpipe -test, —Many  [ihoBj)hBtos,  when  they  are  1 
with  Co(NOj),  aolntion,  uud  are  then  heated  in  the  outer 
flame,  become  b(ue. 


[SS3-S8S.] 


GEOUP  V. — ABBKKATE. 


227 


583.  Hydrogen  pbosplmte,  or  Fhoaphoric  aoid  (H^PO^),  k  a  colour- 
1ms  crvstalliuo  snbsUiice.  Its  iiolutiou  is  strongly  acid,  aud  diSeia 
from  E3SO1  by  not  uharriug  paper  which  lias  been  dipped  into  it  and 
then  dried  by  hi^at.  The  presence  of  HaPO,  may  bo  detected  by 
576,  578- 


Arsenate  (AsOJ.— Uae  Na2HA80,.12ir.,0  solution. 

584.  Tlie  ifftuiijitates  formed  in  reactionB  576-578  ^3 
u  phosphate,  are  precisely  similar  in  appearance  and  general 
properties  to  those  formed  wJien  the  same  reagents  are  added 
to  solution  of  an  arsenate,  But  AmllMoO^givesapredpitate 
with  an  arsenate  only  ichen  thu  lit/uiit  ix  boiled,  and  not  when 
it  is  getitli/  lieaied,  as  in  the  case  of  a  phospliate. 

Moreover,  the  precipitate  which  AgNU^  gives  with  an 
arsenate  is  irown,  while  Chat  given  by  a  phosphate  is  yelloio 
(S79). 


DbTBCTION    and   SBl'iRATEUN    K)V   AHHENATB 
AKD   PUOBPIIATB. 

585.  The  following  DiffereoceB  serve  to  detect  and 
separate  phosphate  and  arsenate : — 

1.  The  fact  that  an  arsenate  yields  a  precipitate  with 
AmHMoOj  only  when  the  liquid  is  )x)iled-;  whereas  the 
corresponding  precipitate  is  produced  by  a  phosphate  when 
the  liquid  is  only  gently  lieeUed. 

2.  Arsenate  solution,  which  has  been  boiled  with  strong 
HCl,  gives,  when  H^S  is  passed  into  the  hot  liquid,  llret  a 
white  precipitate  of  S  and  then  yellow  Aa^Sg;  phosphate 
solution  under  the  same  circumstancea  gives  no  precipi- 
tate. 

3.  lu  psrf«etly  neutral  arsenate  solution  AgNO,  gives  a 
brown  precipitate  J  with  phosphate  it  gives  a  cai'iry-ijellow 
pieoipitate. 


I 


Dbtbction  op  Phosphatb  OB  Absbnaie. 

586.  The  Simplest  Uetliod  of  ascertaining  which  t£  I 
these  two  Acid-redicleB  is  present  is  to  throw  the  pre-  I 
cipitate,  which  has  been  produced  by  the  addition  of  AmCl,  [ 
AmHO,  and  MgSO,  (576),  upon  a  filter ;  then  wash  it  wi&'l 
a  little  cold  water,  and  drop  AgNO^  solution  upon  it.  If  th».a 
precipitate  consists  of  MgAmAsOj,  it  will  become  broim ;  if  ii  I 
is  MgAml'Oj,  it  will  hecome  canary-yeUow, 

The  precipitate,  whicli  has  been  produced  by  the  addition  I 
of  AmCl,  AmHO,  and  MgSOj,  may  also  be  examined  for  I 
arseDate  by  dissolving  a  part  of  it  in  dilute  HKO^,  adding  j 
AgNOj  solution  as  long  as  it  causes  any  white  precipitate,  I 
and   then   adding   vary  dilute  AmHO   gradually    drop   by  \ 

If  arsenate  is  present,  a  brovm  precipitate  will  form  JQsi.] 
before  the  hquid  becomes  alkaline  to  test-pat^t :  a  phosphate  f 
will  give  a  t/ellow  precipitate. 

Instead  of  mixing  the  dilute  AmHO  with  the  acid  liquid,  1 
the  AmHO  may  bo  gently  poured  in  upon  the  top  of  liquid : 
the  colour  will  then  appear  at  the  surfaoe  of  contact  of  thfl.J 
a  solution  with  the  acid  liquid. 


Dbtkctioh  tip  Absenatb,  Phosphatb,  and  Abeknitk, 

WHBN   THEY   ABB  PRKBKNT  TOQBTHKB, 

587.*  A  clear  mixture  of  solutions  of  MgSO^,  AmC!,  a 
AmHO  is  added  as  long  as  it  causes  any  further  jirecipitata  d 
the  liquid  is  filtered  and  the  filtrate  i.s  preserved. 

A  small  portion  of    tlie  [jrecipitate  is  then  tested  at  onnj 
for  arsenate  by  dropping  AgNOy  solution  upon  it. 
precipitate  turns  yellow,  Pkuspliate  is  present,  and  Ara 
isahemi,     H  the  precipitate  turns  brown.  Arsenate  is  pre 
and  Phosphate  may  also  be  present. 
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The  arsenate  must  be  separated  from  tht;  othor  part  of  the 
lirecipitate  before  phosphate  can  be  tested  for. 

The  rest  of  the  precipitate  ia  accordingly  dissolved  in  a 
little  boiling  atrong  HCl,  and  H^K  ia  passed  for  eeveml 
minutes  into  this  hot  solution;  the  presence  of  on  iirsenate 
will  be  conftrmod  by  the  precipitation  of  while  S  and  yellow 
A8,S,,  (313). 

This  precipitate  is  filtered  off  and  H.jS  is  again  passed 
into  the  boiling  filtrate.  If  any  further  precipitate  is  pro- 
ducoil,  the  gas  must  be  further  pa»<ed  until  it  no  longer 
causes  a  precipitate  in  the  boiling  liquid. 

Tlio  iirociiiitstion  liy  HjS  is  runiicrtil  eompUto  withonl  delay,  if  tho 
nrigiiul  solution  in  HCI  if  (trat  Irottted  with  H^,.   StfiparngripliJiJ. 

The  clear  filtrate  is  then  evaporated  just  to  dryness,  the 
residue  ia  diBsoIvod  in  a  little  dilute  HNOg,  and  this  solu- 
tion ia  tested  for  phosphate  by  adding  a  few  drops  of  it  to 
AmllMoO,  solution  and  gently  warming  the  liquid  (578)- 

Artmite  may  he  tented  for  by  acidifying  the  filtrate,  which 
has  been  reserved  from  the  original  Mg  precipitate,  and  passing 
HgS  into  it.  Yellow  As.^^  will  be  precipitated  at  once  if 
arsenite  is  present. 


RKACTIONa   OF 


;   ACI1>-EADIC1.ES. 


VI.— UNGROUPED  AC rD- RADICLES. 

The  following  Acid-radicleB  are  not  included  in  any  of  the 
preceding  Groups : — Borate,  Cliromato,  Silicate,  yiuoride, 
Finos  ill  cate,  Permanganate,  Phosphite,  and  Hypophosphite  j 
together  with  the  rarer  Acid- radicles,  Tnngstate,  Molybdate, 
Selenite,  Telhwate,  Tellurite,  Titanate,  and  Vanadate. 

These  Acid-rndicles  present  no  marked  resemblances  to 
one  another  or  to  other  Acid-radicles  in  their  reactions ; 
they  are  tlierefore  usually  detected  by  special  teats.  The 
reactions  of  the  rarer  acid-radicles  have  been  already 
doscribeil  under  the  metals,  since  they  are  precipitated  by 
Group-reagents  for  the  metals. 


Borate  (BOj,).— Use  Borax,  NajEjOj.lOHp. 

588.  Turmeric-test.— Powder  some  borate  finely,  and 
stir  it  with  a  little  dilute  IICI  on  a  watch-glass.  Immersa 
the  lower  half  of  a  atrip  of  turmeric-paper  in  this  liquid,  and  , 
dry  it  on  a  watch-glass  in  the  steam-oven  {98),  upon  a 
water-bath  (88),  or  above  a  small  flame.  The  part  of  the  j 
test-paper  which  was  moistened  will  now  appear  reddUh- 
broicn,  and  will  become  bluish-black  when  it  is  moistened 
with  AmlKI. 

589.  Alcohol-flame  Coloration. — Pour  alcohol  upon  some. 
finely -powdered  borate  in  a  test-tube  or  porcelain  diah  :  add 

a  little  strong  Hn-SO^ ;  then  beat  the  mixture,  and  kindle  the    ' 
spirit.     The  flame  will  show  a  ^een  edge  ■  this  is  often  most 
clearly  seen  when  the  vapour  is  relighteil  after  the  6ame  has    I 
burnt  for  3  time  and  then  been  extinguished. 

Tliis  flame-coloration  is  similar  to  that  which  ia  given  by  I 
certain  other  substances;  but  its  spectrum,  consisting  of  I 
three  or  four  equidistant  green  lines,  is  quite  characteristic  ] 

(eg.  68, 116). 
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590,  Blovpipe-Bame  Ooloration.  — If  a.  niliture  containing  CaP,, 
EHSO,,  and  a  borate  is  liiiely  (Htwilorei],  then  tnoiatencd,  and  heated 
on  a  loop  of  pUtiiiuin  wire  in  the  inner  blowpipe- flame  for  a  short 
time,  it  will  doIouc  the  ontar  flame  momentarily  ijreen. 

This  test  is  not  always  decisive,  gjuco  nmny  phosphates  anil  copper 
■alti  give  a  similar  result.  Tliv  llnme-ooloriition  is  also  liable  to  be 
msaked  by  the  colorations  of  other  substances. 

591.  Hydrogen  boral«.  or  Boric  acid  (H^O,),  uenally  occurs  com- 
bined with  2H5O  as  a  cryatulline  scaly  hydrate.  When  thia  substance 
in  Btron^lj  heated,  it  yields  a  ftisible  glass  consisting  of  B^O,. 

The  solution  nf  boric  add  tarns  the  colour  of  blue  litni  as -paper  to 
wine-red. 
The  roBCtioDB  iu  jiAragripbs  588,  589,  and  590  serve  to  delect  boric 

Mid, 

The  acid  is  soluble  both  in  water  and  in  alcohol  ;  and  when  these  solu- 
tions ore  evapoi'Fileil,  the  boric  acid  partially  oscapoa  with  the  vapour  ef 
the  liijuid. 


I 


Chboiiatb  (CrO^).— Uso  Potassium  dicbromate,  KjCr,Oj. 

All  cliromnlos  are  mora  or  less  yellow  or  red  in  colour.  The  yellow 
solution  of  a  normal  ohroniate  becomes  orange-red  when  an  aciil  is 
added,  owing  to  the  formation  of  a  dicbromate:  while  the  reddish 
solution  of  a  dichroniate  becomee  pale  yellow  when  it  is  made  alkaline, 
owing  to  its  conversion  into  a  normal  chramatc.  See  Remarks  under 
Chromium,  p.  13S. 

592.  BeducttOQ  of  Chromate  to  Chromic  salt. — Varioua 
BUbstances,  which  readily  comliine  with  oxygen,  deoxidise 
acidified  chromate  solution  and  produce  a  chromic  salt;  the 
colour  of  the  solution  at  the  same  time  changes  from  oranye- 
red  to  bright  green. 

Add  HCl  or  ll^SOj  to  some  chromate  solution,  and  de- 
oxtdiae  a  separate  portion  of  this  liquid  by  eeich  of  the  fol- 
lowing methods.  In  every  case  the  colour  of  the  liquid  will 
change  to  bluish-green. 

(a).  Puss  II.^S  into  the  hot  solution;  white  8  will  separate 
owing  to  oxidation  of  the  hydrogen  of  the  IlgS. 

(b).  Add  NallSOj,  or  H^SO^  and  warm. 


(c).  Add  alcohol  and  boil :  the  smell  of  aldehyde  will  bo 

noticed. 
(d).  Boil  for  some  time,  after  adding  much  strong  HCl;v 

CI  gas  will  be  slowly  evolved. 
(e).  Add    Zn    and    warm:    the    reducing  action    of    thai 

nascent  H  will  be  slow. 


K,OrA  +  SH^  +  8HCl-Cr,Cl8  +  2KOI  +  7HjO  +  8,. 
K,Cr,0,+  14FICl-Cr,CljH-2KGl  +  7HjO  +  3Cl,. 

The  equations  repreBenting  the  other  processes  of  deoiiJation  n 
bis  Jrawn  out  by  the  student. 

The  green  Botution,  wliich  results  fmrn  the  above  reactions,  Wll I givetll'l 
the  cenctione  for  a  olirnmic  salt  (203-205)  -  >nd  since  cbromic  acid  ii| 
reduced  by  boiling  {ICI  and  by  H^  to  ahroniic  salt,  the  preseaca  of  Ka 
chramate  will  loud  to  the  precipitation  and  detection  of  Cr^HgOf  I 
the  ordinnry  conrso  of  analysis.      This  ehromio  hydroxide,  h 
will  be  known  to  result  from  the  reduction  of  a  chtomate  from  t 
colour  of  the  original  folutian. 


593-  Hydrogen  peroxide  (H^O^),  or  Barium  perozida  I 
(BaOo),  if  it  is  added  to  a  cold  acidified  solution  of  chromato,  f 
produces  an  intense  but  evanescent  blue  coloration. 

This  colour  is  far  more  permanent,  if  ether  is  firai  I 
added,  and  the  liquid  ia  vigorously  shaken  immediately  aft«  I 
the  addition  of  the  peroxide :  the  ether  then  assumes 
retains  a  blue  colour.  The  addition  of  a  few  drops  of  s 
HNOj  ia  useful.  This  reaction  is  extremely  delicate  a 
characteristic 

594.  PbA,j  :  yellm  precipitate  (PbCrOJ  :  soluble  in  KHO 
insoluble  in  HA. 


[88T-BB9.']  GKOOP   VI. — SILICATE. 

597.  Hydrogen  ohromBte,  or  Chromic  KOid,  u  present  in  the 
reddish -jell  ow  liqaid  which  is  produced  bj  diSBolriDg  CrO,  in  vator, 
and  liy  aoidifying  ■  solution  of  a  chromate.  Its  solnlion  evolves  CI 
ftnd  becomes  green,  when  it  is  boiled  with  HCl.  When  solution  of 
chroroio  »ciii  is  noutmliBod  by  an  alkali  it  bcdomos  yellow,  tiid  tbe 
yellow  solution  yields  tlie  shove  resctiona  for  chromate. 


SiwOATB  (SiO^). — Uae  solution  of  Sotlium  silicate,  Nii,SiOj ; 
and  finel7-(p^und  aand,  SiO.j,  for  a  eolid, 

598.  HCl,  if  it  is  added  drop  by  drop  to  solution  of  a 
silicate,  which  ia  meanwhile  constantly  stirred  or  shaken, 
will  give  a  gelatinous  preaipitate  of  orthosilicic  acid  (H^SiO,) 
unless  the  solution  ia  very  dilute.  Since  the  silicic  acid  may 
remain  in  eohition,  the  non-appearance  of  a  precipitate  is  no 
proof  of  the  absence  of  a  silicate. 

TheaolutionorsiliCRte,  which  is  used  for  thoMre«ctionB(No.l40,ii64), 
ia  made  of  such  xtrength  that  acids  da  not  caum  a  precipitate  in  it  ;  but 
if  fioniu  of  the  HolQtion  is  boiled  down  to  b  qnnrter  of  its  volume,  tho 
precipitate  will  usually  be  obtainoil  on  the  addition  of  bd  acid, 

599.  Separation  of  SiO^. — If  silicate  is  present  in  small 
quantity,  or  is  in  dilute  solution,  it  may  be  detected  by  acidi- 
fying the  solution  witii  H(.;i  and  evaporating  the  liquid  to 
dryness  in  a  porcelain  dish.  The  evaporation  is  finished  on 
the  water-bath,  and  the  residue  is  heated  on  the  water-bath 
(88)  as  long  as  acid  fumes  are  given  off. 

Insoluble  SiO;  ia  thus  produneJ,  and  remains  undissolved 
as  a  white  powder,  when  the  dry  residue  is  stirred  and 
warmed  with  strong  HCl. 

During  tbe  last  part  of  the  evnporation  over  a  flame,  after  the  ailiea 
haa  Bopnrated  as  a  gelatinous  masa,  spirting  will  occar  unlesi  the  heat 
i»  loaaeneJ  end  the  residue  is  stirred  with  a  kIoss  rwl.  This  spirting 
■nay  bo  kiso  prevented  by  linisliing  tho  evaporation  upon  a  watvi- 
\nth  (881  as  soon  ei  tho  liquid  thickens. 

The  SiOu  which  is  left  nnilisaolvod  by  HCl,  is  invisible  aa  long  as 
the  liquid  remaina  in  the  porcelain  dish.  It  ia  rendered  visible  by 
atirting  the  liquid  and  at  once  pouring  it  out  inbo  &  ;}»£«  steuii. 


^n^^H^^^i 
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600,  Microcosmic-bead.— Wlien  either  a  aUicate  or  .SiO^ 

it  is  not  wholly  dissolved,  but  the  SiO„  Qoata  about  in  traoa- 
paront  particles  in  tlie  melted  bead,  and  ia  visible  as  httle 
opaque  masses  when  the  bead  ia  cold.     The  partiolea  of  SiO^  ^h 
are  usually  moat  easily  seen  while  they  are  in  motion  in  tliB^H 

fosed  bead.                                                                                      ^M 

601.  Hb,003  in  Bloirpipe.ifaune.  -If  solid  SiO,  or  a  >i1ieat«  ia  hetted^H 
in  n  fiis«d  IwHrl  0!  Na,CO,.  it  taii^K  ftotbing  :  thJa  is  due  to  the  BTctli^^l 
tion  orCO,-.-NiL,COj  +  SiO,--CO,  +  Ni«^iO,.                                          ^^H 

S02.  AmCl.  or  Ain,00„  caiUM  a  gBUtinous  precipitate  of  H^iOj, 
whid]  n^uMy  formH  ouly  aFUr  ■  time. 

603.  Certain  ailirales,  if  they  are  moistened  witli  Co(NOji,  •nd  ate 

604.  Hydrogen  siUoate,   or  BUioio  acid  (B.SiO,),  can  exist  in 
solution  in  wat^r,  and  biu  a  slifihUy  aoid  reaction.     It  ia  ordinarilj 
mot  ivith,  however,  in  the  hydrated  state  as  a  ooloutloaa  gelstinoBB 
eolMtaiice,  which  does  not  affect  the  colour  of  Ittmiu. 

very  slightly  aolabU  in  acids,  but  it  dissolrcs  aa  an  alkaline  silicate  in    ^m 

soluliona  of  the  caustic  alkalis  or  of  Hlkaline  carbannte!<.                          -^H 

Wlien  the  gelatinous  hydmted  acid  ia  strongly  lieatod.  it  yields  k-^H 

whilv  ineolable  povder,  Si(J»  which  gires  the  reactions  in  paragrapb^^H 

600, 601.                                                              j^^H 

Fluohide  (F),— Use  finely-powdered  CaF^              ^H 

The  onliiiary  tests  for  a  fluoride  depend  upon   the  liberation  <^^^| 
hydraQnoric  aciil,  which  is  thi'n  allowed  to  act  u;>on  a  glass  surfaco  an^^^| 
to  elrh  or  corrode  it.                                                                                      ^^M 

605.  Strong  H„SO^,  if  it  is  warmed  with  a  little  /neli^'^| 
pmedei-ed  fluoride'in  a  test-tube,  liberates  HF.  This  add^H 
etches  the  glass,  and  causes  the  sides  of  the  tube  to  throw  ^H 
off  the  liquid  when  it  is  shaken  up,  as  a  greasy  surfaw^H 
throws  oV  water.                                                                            ^H 

If  the  coaled  mixture  is  washed  out  of  the  tube  and  ths^^| 

[606,  eor.] 
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inside  of  the  tube  is  perfectly  dried,  the  glass  will  be  aeen  to 
be  dimmed  and  roughened.  Gentle  friction  with  a  glnsa  rod 
will  often  detect  the  roughness  of  the  etched  surface,  even 
when  this  is  not  perceptible  to  the  eye. 

606.  Etching  a  Watch-glaBB.— The  preceding  teat  becomes 
much  more  delicate  if  it  is  carried  out  ua  follows. 

A  watch-glaea  is  carefully  heated  by  holding  it  in  crucible- 
tonga  at  aome  distance  above  a  flame.  Its  convex  surface  is 
then  rubbed  with  a  piece  of  paralBn-wax,  and  19  tht;s  covered 
with  a  melted  layer.  This  layrr  is  made  uniform  by  once 
more  heating  the  glass,  allowing  any  excess  of  wax  to  drop 
off,  and  then  keeping  the  glass  moving  while  it  coola.  The 
coating  of  was  is  then  finally  hardened  by  Immersing  the 
glass  for  a  short  time  in  cold  water. 

Lines  or  characters  are  now  traced  in  the  wax,  near  the 
middle  of  the  glass,  by  gentle  pressure  with  the  point  of  a 
penknife ;  the  object  being  simply  to  remove  the  wax  from 
these  parts,  and  not  to  scratch  the  glass. 

When  the  glut^s  has  been  thus  prepared,  it  is  placed,  with 
its  coated  surface  downwards,  as  a  cover  to  a  platinum 
crucible  or  small  leaden  cup,  which  contains  a  little  fineiy- 
powdeted  fluoride  and  strong  H.jSO^. 

8ome  cold  water  is  then  poured  into  the  gloss  in  order  to 
keep  it  cool,  and  the  bottom  of  the  vessel  ie  heated  by  a  very 
small  itame;  the  covered  vessel  is  then  allowed  to  stand  for 
about  fifteen  minutes. 

The  watch-glass  is  now  removed,  and  is  cleansed  by  hold- 
ing it  with  crticible-tongs  above  the  Bume  and  quickly  wiping 
off  the  melted  wax. 

On  the  iilean  bright  surface  thus  obtained,  the  traced  lines 
will  usually  be  visible  at  once,  when  the  glass  is  held  up  to 
the  light;  but  if  mere  traces  of  fluoride  were  present,  the 
tracing  may  only  become  visible  when  the  cold  surface  is 
farealhed  upon,  and  ie  then  examined  by  reflected  light. 

607.  Formation  of  Silicon  fluoride  (SiTJ.— The' above 
methods  do  not  serve  for  the  detection  of  tluotidc  \u  \.W 


e  of  ^H 
taie  V 


praaence  of  silicate  oi  of  silica,  »iice  under  tiieee  ci 
sUnow  the  action  of  E^SO^  liberates  SiF^  instead  of  HF. 

Si¥^  posseeaes  no  power  of  etehing  glass.  But  it  gives 
rise  to  vrhite  fames  in  moist  ait ;  and  when  it  is  passed  into 
dilute  AmHO,  it  yields  a  colourless  Aocculent  precipitate  of 
H,SiO„  and  produces  AraF  in  the  solution. 

The  formation  of  the  precipitate  of  silicic  acid 
proof  of  the  presence  of  a  fluoride ;  but  after  this  precipitate 
has  been  filtered  off,  the  AmF  maj'  also  be  detected  in  the 
filtrale.  This  ia  effected  by  adding  CaCL,  solution  to  the 
clear  liquid,  then  filtering  off  the  precipitate  of  CbF„,  and 
drying  and  examining  it  as  is  directed  in  paragraph  6o(3. 

The  above  method  is  employed  for  detecting  fluoride  in 
minerals  which  contain  silica  or  silicate.  The  method  is  also 
sometimes  utilised  for  the  detection  of  fluoride  in  a  substance, 
which  had  been  previously  intimately  mixed  witli  SiOj  so  ae 
to  render  it  suitable  for  the  above  test. 

In  order  to  try  the  reaction,  a  mixture  of  CaF.j  and  SiOj 
may  be  heated  with  strong  H^SO,.  A  small  piece  of  marble 
should  be  dropped  into  the  tube  in  which  the  SiF^  is  being 
produced ;  this  evolves  COj,  which  carries  the  silicon  fluoride 
over  into  the  AmHO  solution.  The  changes  which  occur  are 
thus  expressed  by  equations  : — 

2CaF,  +  SiOj  +  2  H.SO,  =  SiF,  +  2HgO  +  2CaS0, .  J 

8iF«  +  4  AmHO  =  H^SiO^  +  4  AmF .  I 

6o8.  CaClj,  when  it  is  added  to  solution  of  fluoride,  givea 
ni\  almost  tranapairent  gelatinous  precipitate  (CaF^),  which 
bdiiomu.s  more  visible  when  the  liquid  is  heated  or  when 
AmUO  is  added :  this  precipitate  is  slightly  soluble  in  HCI, 
but  is  abnost  insoluble  in  HA.     Difference  from  fluosilicate. 

Solution  of  NsF  may  he  prepared  for  the  abova  reaction,  by  tuaing  a 
■iiixturo  of  piiiT<ler»l  CaF,  and  fusion -mixture  do  platinDm  foil  for 
■ftvurol  minutes :  theu  boitinfi;  the  cool  mass  ou  tho  foil  in  water, 
fllloring  tha  solution,  and  aoidifying  the  filtrate  with  HA, 

IS09.  Hydrogen  fluoride,  or  Hydroflaorie  acid,  HF,  ia  at  ordinary 
ipnraturos  it  coloorlosa  gas,  which  fumes  in  the  air,  etches  a  gtau 
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tarhce,  and  dissolves  Sreeij  iu  water.  The  solution  of  HP  is  acid  in 
ion,  anil  ditfeTB  Ftom  all  other  ftcids  b;  decoio posing;  iu)d  dissolr- 
ing  SiOj, 


FLiroan,TOATB  (SiFg). — Uae  Hydrogen  fluosilicate,  H^SiFg. 

610.  BaClj :  white  precipitate  (BaSiF^).  This  precipitate 
UBimlly  appears  on]y  whea  the  solution  is  geutly  warmeU, 
and  diffurs  in  this  respect  from  BaSO^, 

It  differs  from  BaSeOj  (369)  by  being  only  slightly 
soluble  in  bothug  HCl :  it  ie  insoluble  in  alcohol. 

Allow  this  precipitate  to  settle  and  reserve  it  for  t!io 
reaction  in  paragraph  6i2. 

The  kbove  precipitate  shows  some  TesembUDco  to  BoSOf  einoe  it  is 
only  siightly  soluble  iu  HCl,  but  it  UilTfre  in  appearance  by  being 
or  Icsa  trwispurcnt  and  crystalline.  Fluosilicates  differ  also  Trom 
•nlphates  Eiy  giving  do  precipitate  with  Sr(KO,)i  or  with  Pb{NO))). 
Further,  when  thiiy  ure  heated  with  exccEe  of  AmHO  they  yield  a 
Qoccnlcnt  precipitate  of  H^SiO,,  and  Uare  AmF  in  solution  (6aj). 

FlDoailicales  alao  differ  from  aulphates  by  the  following  very  diitinc- 

re  wactioUB. 

611.  KCl  solution,  when  it  b  warmed  with  solution  of 
fluosilicate,  gives  a  very  transparent  gelatinoue  precipitate 
(K^SiFy) :  this  precipitate  is  only  visible  after  it  has  been 
allowed  to  settle  for  a  time:  it  is  insoluble  in  olcohol. 

612.  Strong  H^SO„  if  it  is  heated  with  solution  of  fluo- 
sihcate,  causiis  IIF  to  be  given  olf:  this  vapour  may  be 
detected  by  its  etching  action  ou  glass  (606), 

This  reaction  is  espocinlly  aaernl  foi  ascorbtinmg  wlielher  a,  preci- 
pitate, nhicb  has  been  produced  by  BaCli,  consists  of,  or  conUJas, 
BaSiFr 

Tlie  precipitate  [torn  paragraph  610  may  be  tested  by  this  proaesB. 
The  precipitate  is  allowed  to  satUu:  alnioHt  all  the  water  is  then 
poured  off:  the  remainiter  of  the  water  is  shaken  up  with  the  preci- 
pitate and  is  at  ouce  poured  into  a  uatch-glass  1  tbo  rest  of  tbo  water 
la  then  decanted,  and  the  precipitate  which  reinaios  on  the  glaaa  is 
«ann«d  for  some  time  with  strong  EgSO^.     After  the  glas*  haa  b«e&. 


SS8  BXAOnONB  or  THZ  ACID-BiJ)ICI.K8.      [Sli 

wuhsd  and  dried,  i 
[atate  rested. 

When  the  more  delicate  proceBs  described  in  paragraph  606  ia 
ployed,   the  pTect]>itBt«  should   be  HhiLken   up  with   the  liquid   1 
poured  off  iuto  ■  platinum  crucible  or  leaden  cup.      The  liquid  is  tbtsi 
decanted,  and  tho  prei^ipitatc  is  warmed  with   strong   H,SO,  1 
dsBcribod  in  paragraph  606. 

The  proeesses  of  filtrriiig  olf  and  drying  the  precipitate  may  be  mv 
atituted  for  decanlation,  but  they  are  lees  rapidly  executed,  and  ai 
only  suitable  when  the  precipitate  o!  BoSiFg  Las  been  obtained  i 
some  quBiitity. 

a  Duosilicate  solution.     (Differeuei 

614.  Hydrogen    flnosilioate,   or    FlnotUldo   ftoid,  E^iJg,  ii 

strongly  acid  liquid,  which  volntiliaea  entirely  as  IHF  +  SiK^  when  II 
ia  heated  in  a  piatioom  vessel.    Accordingly  wheu  tMa  acid  is  evaponU 
in  a  watch-glnxs,  the  gluu  is  uti:bed.       The  ncid  is  precipitated  V 
BaCIg  and  by  ECl  (610,  Cii). 


Phosphitb  (PHOj).— Use  Bolutinn  of  Na.,l'HO,. 

61s  Ag^Oj ;  black  procipitatu  (Ag),  when  the  liquid  is  allowed  | 
stand  or  ie  heated.   The  addition  aC  AniHO  in  email  quantity  in 
the  delicAcy  of  this  t«at,  but  it  must  be  remembered  that  the  i 
precipitate  is  soluble  iu  eicesn  of  this  reagent. 

616.  HgCl, :  whit*  precipitate  (HftClj),  which  becomes  grey  [Hg] 
when  the  liquid  in  which  it  is  suspended  is  hented. 

617.  FbA,:  white  precipitate  (PbFHOj,),  which  is  insoluble  i< 

618.  BeductlDU  rMCtioiu.~Solutiou  of  phosphorous  acid,  < 
phosphite  which  has  been  acidified  with  HA,  acts  as  a  reducing  iigenttj 
but  its  action  is  not  so  powerful  as  tliat  of  hyiiophoaphoraus  acid  (6q]« 
as  the  following  reactions  will  show: — 

(a).   A  drop  of  EgHlijO,  solution  is  not  reduced  and  decolourised  b 

phosphorous  acid ;  but  reduction,  attended  with  loisa  of  colooFjl 
takes  place  wheu  the  liquid  is  heated. 

(bj.  A  drop  of  OnOlfOr  of  OnSO^  solntiou  is  not  reduced  and  d»efl 
oolourised  even  wheu  the  liquid  is  h«ated. 
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619,  Solid  Phosphite,  whun  it  ia  lieatud,  gives  off  a  niixture  of 
liyJiogeii  aud  hydroyeu  phosphide  :  the  latter  gaa  is  known  by  iCa 
garlic  nuoU  :  the  mixturo  or  gases  is  spantiiDeDiisly  iuSammabla  in 
contact  witli  air,  and  buroa  with  a  briglit  white  Same,  omitting  whitu 
fiunM :  red  plioapboruii  is  uauullj  dopoaited,  on  the  interior  of  the 
ignition  tube  dnriug  this  coniboBtion. 


Htpoi'Hohhhite  (PHaO,).— Uee  aolntion  of  NaPHjOj. 

630.  AgNO^:  white  iirecijiitiite  (AgPII,!),;,  wbiuh  gradually  be- 
comes black  ;  tlie  cliange  is  more  rapid  wlicn  the  liquid  in  healed,  aiid 
is  due  to  the  formation  of  metallic  silver, 

631.  EgOl,;  white  precipitate  (BgiCI,),  which  forms  slowly  on 
Btauding,  hut  luore  rapidly  wlicn  the  liquid  is  heated. 

623.  PbA, :  no  prudpitate.    (Diir«reDce  from  phosphite. ) 

633.  BeductioiireaclioDa.— Solution  of  iiypophoaphorouii  acid,  or  of 
a  bypophwpliite  wliioli  hu  been  ucidiliod  with  HA,  acts  aa  a  powerful 
T«duciu({  roageot :  this  is  proved  by  the  following  reactions  : — 

(b).  a  drop  of  XjMnJ),  solution  is  reduced  aud  decolourised,  wheu 

it  is  added  to  the  cold  solution, 
(b).  When  the  aolutton  is  luiied  with  a  little  OnBO,  lolutiou,  and 

tile  mixture  ia  heated  to  bTi'  C. ,  red  cop|ier  hydride  (CnH,)  is 

]<rocipiuted,  anil  this  tvolves  H  and  leaves  uieUillic  cDp|ier 

when  the  liquid  ia  healed, 
(c).   When  the  solution  is  mixed  with  a  little  OuCL,  solntioii,  the 

unjijier  salt  is  deuolourisud  anil  white  CuiClg  is  precipiCntcd  ; 

ilie  CugCI,  then  gmdually  clianges  to  red  metallic  copper. 

624.  Solid  Hypophoaphite,  when  it  ia  iiested,  gives  oil  liydrogeit 
pliusiibide  ;  tliia  gas  iiiuy  be  reco^ieed  by  its  garlic  smell,  and  by 
kindling  spoutaueoualy  in  coutnct  with  the  air  1  it  bums  with  s 
bright  white  flaniv  which  euiiu  white  fumes  anil  usually  di^jKisiis  red 
phosphorus  ou  thg  interior  of  the  ignition  tube. 


PKUMANOAnATK  ("Mn^j).— Usu  solutiou  of  KiMUjO,. 
Solid  iiennanganates  are  usually  very  dark  red  or  purple  iu  colour  ; 
their  solutions  ate  usually  purple  or  reddish- purple. 

6a^  ESQ,  if  it  is  added  in  largo  uxcesi,  causes  tde  ^cey^b  ct^uva  uS. 


""^^^ 
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the  solution  to  change  to  green  :  this  ia  due  t^  the  cooversion  of  the 
pennangiuiBte  into  mangiinate  :~                                                              ^^M 
R,Mnj0,42KH0-3KaUQ0,-l-E30  +  0.                          ]^| 
The   purple  colour   reappeim  nhuu   thii  ilkalins  green  liijnid   iV^^I 
acidilii;.!  (629). 

tion  of  Ditrito,  una  of  other  redueuig  rcsgents,  »t  oaca  dcBtroye  the 

analyaifl  permanganate  will  be  converted  into  a  manganous  salt,  which 
will  be  detected  in  Group  III.  B. 

when  it  is  mixed  with  dilute  B^O^,  evolvts  oitjgen  gaa  :  with  dilute 
HCl  chlorine  goa  is  evulvml  :  with  stroug  acids,  gas  ta  eeolved  with 
explosive  violeiice. 

Manoanatb  (-MnOj}.-UBe  alkaline  solution  of  K^nO«. 
Solid  manganates  are  almost  black :  their  solutions  are  bluish-gwe 

alkaline  hydrate  is  present  :— 

3K,MnO^  +  2H,0-KjMnA  +  *KHO  +  MnO,. 

639.  An  Hid,  if  it  is  added  in  anfficixnt  quantity,  causes  the  gn« 
solution  of  nmnganale  to  change  to  reddish .pnrplo  aolalion  of  pc 

3K,MiiO,  +  3H^O,-K,M»,0,  +  3K^O,  +  MnSOj  +  3H,0  +  0. 

The  above  change  ia  reversed  when  au  alkaline  hydrate  solution 
added  in  excess  to  the  red  solution  (6J5). 

63a  Bedacing  reagent*  deeolouriso  iieidifled  solutions  of  tnangana 
and  producu  mangauoua  salt  {6a6). 

^^^J 

lu^'  •' 


GROUP  VI. — MANGANATE. 
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TuNOSTATE  (WO4).— Paragraphs  397-4oa 


MoLTBDATE  (M0O4).— Paragraphs  357-363. 


Sblbnitb  (SeOj).— -Paragraphs  365-368,  371,  372. 


TsLLURATE  (Te04). —Paragraphs  377,  378. 


Tellurite  (TeOa).— Paragraphs  374-376,  378. 


TiTANATE  (TiOa).— Paragraphs  263-267. 


Vanadate  (VO4).— Paragraphs  271-276. 


SECTION  IV. -PAST  lY. 


THE  DETECTION  AND  ANALYTICAL  REAa 
TIONS  OP  ORGANIC  SUBSTANCES. 


Introductory    B«markB.— Organic    Gubstaiices    may    be    I 
defined  as  being  chemical  compounds  which  contain  carbon. 

Methods  are  described  helow  for  detecting  the  presence 
in  organic  eubstances  of  the  elements  carbon,  hydrogen, 
nitrogen,  sulphnr,  phosphorus,  chlorine,  bromine,  and  iodine. 

The  procBBses  of  determining  the  melting-point  of  a  readily 
fusible  solid,  and  the  boiling-point  and  specific  gravity  of  a 
liquid  are  also  given ;  these  determinations  are  often  of  value 
in  identifying  an  organic  substance. 

The  special  Rnalytical  reactions  for  certain  important 
organic  substances  are  then  described  in  detail.  These 
include  certain  organic  acid- radicles,  alkaloids,  hydrocarbons, 
haloid  compounds,  alcohols  and  phenols,  aldehydes  and 
ketones,  ami  do-compounds,  carbohydrates,  albuminous  sub- 
stances, and  certain  bodies  related  to  the  preceding  substances. 


-DETECTIO>r  OF  ELEMENTARY  CONSTITUENTS 
OF  ORGANIC  SUBSTANCES. 


Dbtection  op  Cakbon. 

631.  Ignition   of  Substance. — The  presence  of   oarbon 
n  an  organic  substance  is  frequently  indicated,  by  the  sub-    , 
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stance  becoming  charred  or  blackened,  wlien  it  is  heittcd 
alone  or  with  strong  H^SOj,  Carbon  is  also  evolved  as  COj, 
when  certain  organic  substances  are  heated  either  alone  or 
with  strong  H,jWl'), :  the  COj  thus  evolved  may  be  detected 
by  meaoa  of  lime-water  (505). 

632.  Ignition  with  Copper  oxide.— A  more  certain  and 
general  method  of  detecting  carbon  cousists  in  mixing  the 
organic  substance  intimately  with  finely-powdered  coppwr 
oxide  (CuO),  or  with  some  other  eolid  oxidising  compound, 
and  heating  the  mixture  strongly.  The  carbon  is  then 
evolved  as  COj,  and  this  may  be  detected  by  passing  it  into 
limo- water  (505). 

The  method  may  be  tried  by  mixing  a  httle  sugar  with 
four  or  five  times  its  measure  of  finely-powdered  CuO.  This 
mixture  is  then  placed  in  the  closed  end  of  a  hard  glass  test- 
tube,  sind  the  remainder  of  the  tube  is  nearly  filled  with 
granular  CuO.  The  open  end  of  the  teat-tube  is  then  fitted 
with  a  bent  glass  delivery -tube,  and  the  tube  is  heated  in 
a  Buosen-flame,  care  being  taken  that  the  granular  oxide  is 
heated  to  redness  before  the  mixture  itself  is  heated,     Tlie 


oxporiment  may  bo  made  in  a  longer  tube,  which  is  heated  by 
the  Ramsay  burner  (fig.  75),  Tlie  heat  is  first  applied  to  the 
granulated  oxide,  and  when  this  is  at  a  red  heat  the  mixture 
is  gradually  heated  to  the  same  temperature.  The  delivery- 
tube  dips  into  a  vessel  containing  lime-wotcr,  which  serves 
to  indicate  the  evolution  of  C'.*,,. 


S44  OBOANTC  SUBSTAIfCCS.  [SB 

The  ttpparutua  should  be  kept  standing,  after  the  e. 
ment  has  been  finished,  ae  it  is  again  leferrod  to  in  paragraph  1 
634- 

ITote. — It  muflt  Iw  remsoibered  that  miiDj  carbonntes,  and  all  bicatv  J 
bonatea,  evolve  CO,  whea  thej  are  hnUd.     CBiboiiBtea  mnjr  be  di 
tjnguished  from  other  orgnnia  bodies  by  evolving  CO,  wlisa  the;  k 
acted  npon  bj  c^old  dilute  acid  (505). 


Detkction  op  Hydrookn, 

633.  Ignition  of  Substance.  ~J[any  organic   substances,  1 

which  contain  oxygen,  evolve  their  hydrogen  more  or  les 
corapletiily  in  the  form  of  sti-am,  wlien  thoy  are  heated.     If  ] 
the   i^tihstance  is   heated    in    a.   test-tube,    the    steam    oon- 
deuses  on  the  cooler  port  of  the  tube  in  the  form  of  water  ] 
drops. 

634.  Ignition  with  Copper  oxide. — The  presence  of  hydro-  ' 
gon  ill  an  organic  siiliatance  may,  however,  be  detected  with  J 
greater  certainty  at  the  same  time  as  the  carbon,  by  the  i 
method  of  oxidation  with  CuO  at  high  temperature  (632}. 
The  hydrogen  is  converted  by  this  oxidation  process  into  I 
steam,  which  condonsea  in  the  form  of  wati'r  drops  ir 
cooler  part  of  thi/  test-tube,  or  in  the  delivery-tube.  The 
btilb   in  the  delivery-tube    (fig.   75)   ia  of  advantage,  since 

it  reduces  the   velocity  of  the  current  of  escaping  gas  and 
vapour,    and   therefore   promotes   the   condensation   of  the    I 
steam. 

The  presence  of  hydrogen  in  sugar  is  proved  by  the  pro-  * 
duction  of  the  water,  which  has  condensed  in  the  apparatus 
during  the  test  for  carbon  (632). 

This  test  is  rendered  more  delicate  by  placing  some  whita  i 
anhydrous  CuSOj  in  the  bulb :  the  entrance  of  even  a  trace  J 
of  moisture  turns  the  CuSO^  blue. 

HotB.— Anj  moieturo  which  U  iiresent  in  tbe  substance  or  ii 
copper  oxide  will  be  evolved  wi  Bteam,  sod  will  1m  coQclensed  as  ia    i 
described  above.     Both  the  organic  substance  aai  the  CuO  must  I 
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furu  be  perfeotly  dried,  in  ordur  to  avoid  a  wrong  iufertiice  befng  drawn 
■H  to  the  praseDce  or  bydrngta  in  ths  organic  subatanco  itsaU.  A  solid 
□rg»nic  aubsUtics  may  usiinlly  be  freed  from  maisture  by  heating  it  in 
ths  sii«iu-oTen  (98]  lor  about  on  hour  ;  and  the  eo|i[ior  oxide  should 
be  dried  by  igniting  it  to  rodueu  for  an  hour. 


DeTBOTIDN   Of   NlTBOOBN. 

635.  Ig:iutiott  of  Substance. — Nitrogen  is  evolved  from 
many  orgmiic  substances  in  the  form  of  ammonia,  01  o^ 
organic  derivativea  of  ammonia,  when  the  Bubstances  are 
heated.  The  atnmoais,  or  other  alkaline  substances,  may  be 
readily  detected  by  thetr  pungent  smell  or  by  their  alkaline 
action  upon  moist  turmuric- paper  (145).     See  Note  (635}. 

636.  Ignition  with  Soda-lime.— A  more  certain  and 
general  method  of  detecting  the  presence  of  nitrogen 
consists  in  mixing  the  organic  substance  intimately  with 
powdered  soda-lime,  and  then  heating  the  mixture  strongly 
iu  a  hard  glaas  test-tube.  Either  ammonia,  or  basic  sub- 
stances containing  nitrogen,  such  bb  amines,  will  be  evolved, 
and  may  be  detected  by  turning  moist  turmeric-paper  brown. 

In  trying  the  reaction  urea  or  albumen  may  be  employed. 

This  test  is  applicable  to  most  organic  substances  wliich 
contain  nitrogen,  with  the  exception  of  niCro-,  nitroso-,  azo-, 
and  diazo-bodie^. 

Note.— It  moat  be  remembered  that  mnay  ammoaium  compounda 
oToIve  NE,  wlien  they  are  heated,  and  that  they  all  vvolre  NH,  vrhcD 
they  are  lieated  with  goda-lima.  Ammoninu  compoaudB,  howtrer, 
tvolve  NH,  when  they  ore  gently  heated  with  lolutim  nf  KOH  ;  they 
luay  be  diatiiiguiahed  in  thia  way  (roiu  most  organic  com|)OUDds  con- 
taiuin);  nitrogen,  which  reijuire  to  be  heated  [uuch  more  straugly  with 
nalUl  KOH,  nr  with  aoda-lime,  before  they  evolve  NH^ 

637.  Ignition  with  Sodium,  and  Production  of  Prus- 
sian Blue. — Another  general  method  for  the  detection  of 
nitrogen  eonsiatH  in  converting  the  nitrogen  of  the  organic 
aubatance  into  a  soluble  cyanide,  and  then  producing  "  Prus- 
sian blue  "  from  this. 
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Heat  the  nitrogenous  substance  {nrea,  of  albumen)  strongly 
with  a  small  piece  of  sodium  or  potassium  in  a  small  hard 
glass  ignition-tube.  Break  up  the  tube  in  some  water  in  a 
moitar  with  the  pestle.  Transfer  the  liquid  with  the  substanca 
to  a  boiling-tube,  warm  gently  and  filter.  Then  add  a  few 
drops  of  solutions  of  Fe,Cl„  and  of  FeSO^ :  {md  unless  tha 
liquid  is  already  strongly  alkaline  to  test-paper,  add  KOH  in 
excess.  Then  warm  the  hquid,  and  add  IICl  in  excess.  Thn 
formation  of  a  dark  blue  precipitate,  or  of  a  blue  or  dark 
green  solution,  indicates  the  formation  of  Prusaian  blue  ;  and 
the  uitrogen,  which  is  a  constituent  of  this  Prussian  blue, 
must  hare  been  derived  from  the  organic  substance. 

This  reaction  is  more  delicate  than  the  preceding  one 
{636) ;  and  it  serves  for  the  detection  of  nitrogen  in  all 
organic  substances  with  the  exception  of  the  diazo-compounda. 

Note, — If  sulphur  is  present,  the  organic  substance  must  he  mixed 
with  iioD  flliii){H,  or  bttt«r  vitli  "  reduced  iron,"  bofore  it  h  heated 
with  aodinm.  The  preleace  of  re&dy  formed  cjuingen  compounds  in 
the  organic  snbitaiice  maj  be  ucertained  by  special  testa  (647i  '^  **!■)• 


The  Freeence  of  Sulphur  in  an  organic  substance  may 

be   detected   by  converting'  the  sulphur   either  into   Na,S 
(638)  or  into  Na,SO,  (639). 

638.  Ignition  with  Sodium,  and  Formation  of  Sulphide.   ' 

— Ignite  the  organic  substance  (albumen)  with  a  small  piece  of 
sodium  ;  then  extract  the  residue  with  warm  water,  filter  the  j 
solution,  and  add  to  the  filtrate,  made  alkaline  if  neceasarj  I 
with  XaOn,  solution  of  sodium  nitropnisside :  the  presence  I 
of  sulphur  will  be  indicated  by  a  violet  colorntion. 

Addition  of  lead  acetate  solution  will  produce  black  PhS; 
but  this  test  is  less  delicate  than  the  nttroprusaide  reaction. 

639-  Igmtion  with  NaNO„  and  Formation  of  Sulphate. 
— Mix  the  solid  organic  substance  (albumen)  in  a  porcelmn 
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crucible  with  four  times  its  meaaure  of  dry  NajCOj  and  ita 
own  measure  of  NaNO^,  and  heat  until  the  alkali  salts  are 
fused.  Uissoive  the  cool  product  in  dilute  llCl,  and  add 
BaClj ;  a  ichitt:  prceipiiaie  (BaSO,)  shows  the  presence  of 
aulphato,  which  has  been  fonaed  from  sulphur  in  the  organic 
substance. 


Dbtbction  of  Phosphokuh. 


The  Presence  of  Fhosphorus  in  an  organic  substance  may 
be  detected  by  couverting  it  into  PH,,  or  into  phosphate. 

640.  Heating  with  Magnesium. — Carbonise  the  substance 
by  heat,  then  mix  it  with  ma^esium  powder,  and  heat  the 
mixture  strongly  :  now  moisten  the  cold  residue  with  water : 
an  onion-like  smell  of  PITg  will  he  observed,  proving  the  pro- 
duction of  magnesium  phosphide,  and  the  presence  of  phos- 
phorus in  the  original  substance. 

641-  Ignition  with  NaNOg,  and  Formation  of  Phos- 
phate.— Heat  the  solid  substance  with  fused  Na^COj,  and 
NaNOfl,  as  has  been  described  for  the  detection  of  sulphur 
(639)-  Then  dissolve  the  residue  in  dilute  IINO^,  and  add 
a  few  drops  of  this  liquid  to  some  AmUMoC>,  solution  and 
warm  gently:  the  formation  of  a  yellow  precipitate  proves 
that  phosphate  has  been  formed,  and  indicates  the  presence 
of  phosphorus  in  the  original  substance  (578). 


Dbtection  op  Ciii.oBi.NB,  Brominr,  and  loniNK. 

The  Presence  of  the  Halogen  Elements  in  an  organic 
aubstanoo  may  be  detected  either  by  the  11  ame- col  oration  of 
their  copper  salts,  or  by  converting  them  into  sodium  salts 
and   then  applying    the  ordinary  tests   to  the  solution  of 


thes 


salts. 


642-  Copper  Flame-coloration. — Fix  a  piece  of  CuO  ii 
loop  of  platinum  wire  and  heat  it  strongly  in  the  outer  Bun- 
son-flame :  it  must  give  no  colour  to  the  flaiui^.  Then  dip 
the  CuO  into  the  organic  eubstance  (chloral)  and  igoite  it 
again,  firat  in  the  inner  and  then  in  the  outer  Buneeii- flame  : 
a  green  flame  coloration  with  a  blue  centre  will  appL-ar,  and 
will  indicate  the  presence  of  chlorine  in  the  organic  substance. 
A  precisely  similar  result  ie  obtained  if  the  organic  substance 
contains  either  bromine  or  iodine. 

This  test,  thereforo,  only  serves  to  indicate  the  presence  of 
a  halogen,  and  does  not  distinguish  between  the  different 
halogea  elements. 

643.  Ignition  with  Sodo-Iime,  or  with  Sodium. — Mix  a 

little  of  the  organic  substance  (chloral)  with  soda-hmo  free 
from  chloride,  and  place  the  mixture  in  a  hard  glass  test- 
tube.  Fill  up  the  remainder  of  the  tube  with  soda-lime,  .  I 
and  heat  the  tube  with  a  BamBay-humer  (632,  flg.  75). 
Gradually  extend  the  heating  from  the  red-hot  soda-hme  to 
the  mixture.  When  the  soda-lime  is  cold,  dissolve  it  in 
dilute  nitric  acid,  and  teat  the  solution  for  chloride,  bromide, 
and  iodide  in  the  ordinary  way  (552,  el  seq.). 

The  substance  may  be  ignited  with  a  small  piece  of  sodium 
instead  of  with  soda-lime,  and  the  solution  obtained  by 
extracting  the  cold  residue  witli  water  is  then  examined  by 
paragraphs  552,  et  aeq. 


II.— DETERMINATION  OF  SPKCIFIO  GKAVITY, 
MELTiNG-POtNT,  AND  BOILING-POINT. 

The  Identification  of  a  Solid  Organic  Substance  in  a 

state  of  purity  is  frequently  aided  by  the  determination  of  its 
specific  gravity  and  of  its  melting-point,  since  these  are  con- 
stant properties  of  each  substatice.  These  detorminationa 
may  even  in  some  cases  take  the  place  of  analytical  tests, 
but  they  are  more  frequently  used  with  the  object  of  con- 
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tinning  the  results  which  have  beeo  already  yielded  by 
analytical  reactions. 

The  determination  of  the  specific  gravity  of  a  solid  Bub- 
stance  involves  accurate  weighing  on  a  chemical  balance. 
Directions  for  the  process  are  given  in  Section  I.  in  Cltnces 
and  Coleman's  C^inlitative  Analygis. 

'I'he  epeci£c  gravity  of  a  liquid  may  bo  determined  by 
accurate  weighing,  but  the  determitiatioti  by  means  of  a 
correct  bydrometet  (644)  is  much  more  rapid  and  con- 
venient 

When  a  solid  substance  possesses  a  melting-point  which 
can  be  taken  by  a  mercurial  thermometer,  the  process  de- 
scribed in  paragraph  64.5  may  be  employed,  and  will  be 
found  to  be  rapid  and  simple  in  execution.  The  fustng-points 
of  most  inorganic  substances  are,  however,  too  high  to  admit 
of  being  determined  by  this  process. 

The  determination  of  the  boiling-point  of  a  liquid,  ii  this 
point  is  suthcieiitly  low  to  be  effected  by  means  of  the 
meicurial  thermometer,  is  a  simple  process,  and  is  deeoribed 
in  paragraph  646. 


Dbtkhmination  op  the  Spboifio  Gravity  ( 


L  Liquid. 


644.  The  Hydrometer  serves  to  determine  the  specific 
gravity  of  a  liquid  rapidly,  since  it  enables  the  process  of 
weighing  to  be  dispensed  with.  The  apparatus  consists  of  a 
glass  or  metal  Hoat  (fig.  76),  which  is  weighted  below  to 
such  an  extent  as  to  cause  it  to  assume  a  vertical  position 
when  it  is  floating  in  the  liquid.  The  stem  is  so  graduated 
that  the  numbered  mark,  which  is  level  with  the  surface  of 
the  liquid,  when  the  hydrometer  is  floating  freely,  shows  the 
specific  gravity  of  the  liquid.  The  temperature  of  the  liquid 
must  be  adjusted  to  the  temperature  at  which  the  hydro- 
meter has  been  graduated  :  this  is  usually  15'5°  C. 

All  speciRc  gravities  which  are  given  in  this  book  corre- 
epond  to  the  temperature  of  15*Q°  C. 


OBQANIC  SUBSTANCES. 


Determination  of  the  Melting-point  of  a  Solid. 

645.  The  Method  commonly  in  TTse  for  determining  the 
melting-point  of  n  Ruhatance  ia  illuatruted  in  tig.  77. 

The  solid  subatance  is  placed  in  a  Ihin-wsllnd  glase  tube, 
which  is  about  yg  inch  in  diameter  and  is  sealed  at  one  end. 


Xia.  78. 


Fib.  77. 


J 


HVDr.OHfTKIi. 


DETBftM  I  NATION  Ol'  MBLTINO-POIKT. 


Such  a  tube  is  readily  made  by  drawing  out,  in  the  Bonaeti- 
flume,  a  thin-vralled  narrow  test-tube  about  ^g  inch  in 
diameter, 

Ttiis  tube  is  attached  to  the  stem  <if  a  delicate  thermo- 
meter Just  above  the  bulb,  by  binding  it  by  fine  platinum 
wire,  K  the  thermometer  is  to  bo  dipped  into  water 
only,  a  Utile  rubber  ring,  cut  off  some  small  rubber  tubing, 
may  be  eiipped    orer    the    larger  end  of   the    tube  and 
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the  thencometier  stem  {fig.  77),  insEead  of  binding  it  with 
platinum  wire. 

The  thermometet  and  tube  are  then  placed  in  a  beaker 
containing  a  liquid  which  has  a  higher  boihng-point  than  the 
melting-point  of  the  eolid.  Water,  strong  H.jSO,,  or  molted 
parattin-wax  may  be  used  in  the  beaker,  according  to  the 
tein|ierature  which  is  required. 

The  beaker  is  then  gently  heated  until  the  solid  melts,  and 
the  temperature  of  liquefaction  ia  accurately  noted  by  the 
thermometer. 

The  process  should  be  repeated  several  times  with  fresh 
portions  of  the  substance,  and  the  mean  temperature,  which 
has  been  obtained  from  these  experiments,  should  be  taken 
as  the  melting-point  of  the  solid. 

The  following  points  require  to  be  attended  to. 

If  the  mercury- thread  of  the  thermometer  extends  above 
the  surface  of  the  liquid,  the  correction  which  is  described  in 
the  Nate  in  paragraph  646  must  be  applied  to  the  reading. 

During  the  process  of  heating,  the  contents  of  the  beaker 
should  lie  constantly  mixed  by  means  of  a  stirrer,  which  is 
made  of  bent  glass  rod  or  stout  wire  in  the  shape  shown  at  b 
in  fig,  77.  This  continuous  stirring  ia  necessary,  in  order  to 
secure  a  uniform  temperature  throughout  the  mass  of  the 
liquid  during  the  determination. 

In  the  case  of  certain  fats,  and  of  some  other  substances, 
it  is  difticult  to  see  the  exact  point  of  liquefaction.  This  is 
facilitated  by  using  a  tube  which  is  open  at  both  ends. 

If  there  is  any  difficulty  in  introducing  the  substance  into 
this  open  tube,  the  fine  end  of  the  tube  may  he  inserted  into 
the  melted  substance.  A  small  quantity  of  the  liquid  will 
enter  the  tube  by  ca]iillary  attraction.  This  is  allowed  to 
cool  and  solidify,  and  the  tnbo  is  then  attached  to  the  ther- 
mometer and  immersed  in  the  water  as  before. 

At  the  moment  of  liquefaction,  the  substance  will  be 
forced  up  the  tube  by'tlie  pressure  of  the  liquid  in  the  bath. 
The  temperature  of  the  thermometer  is  noted  when  this 
tnorement  is  seen  to  occur. 


ORGANIC  S0B6TANCKS. 


r« 


It  should  be  borne  in  mind  that  some  substancea,  more 

specially  the  animal  fata,  show  a  lower  melting-point  when 
the  process  of  fusion  is  ref«ated  immediately  after  solidifica- 
tion. In  such  cases  the  normal  melting-point  ia  regained 
after  the  substance  has  remained  in  the  solid  condition  for  a 
sufficient  interval  of  time. 

Kxi'BulUEKT.—Tbc  melting-point  of  pHraffin-wai  may  be  deCermiiied 
for  etperinieat,  nsiiiK  a  b«aker  which  contatus  water  for  the  bath.  The 
melting-paiBt  shoDid  be  approximately  62°  C. 


Detbrmination  of  thb  BoiLiNa-roiNT 


^  Liquid. 


646.  The  Boiling-point  of  a  pure  Liquid  is  a  characterietio 
property  of  the  liquid,  and  diiri?r«nt  liquids  generally  possess 
dilFerent  bolling-pointa.  Hence  a  boiling-point  determination 
often  serves  to  detect  the  presence  of  a  particular  liquid.  It 
is  also  used  sometimes  as  a  test  of  the  purity  of  the  liquid. 

The  method  for  determining  the  boiling-point,  which  ia 
described  below,  is  simple  and  accurate. 

The  hquid  is  placed  in  a  0ask  (fig,  78),  the  neck  of  which 
ia  provided  with  a  delivery-tube  at  the  side.  The  neck  ia 
close<l  by  a  perforated  cork,  through  which  a  thermometer 
passes,  the  bulb  of  the  thermometer  being  close  to  the  surface 
of  the  liquid. 

Heat  is  now  gradually  applied  until  the  liquid  boils.  The 
side  tube  serves  to  carry  away  the  vapour  which  is  produced, 
and  the  bulb  and  part  of  the  stem  of  the  thermometer  are  thus 
constantly  surrounded  by  the  vapour  of  the  boiling  liquid. 
Aa  soon  as  the  reading  of  the  thermometer  remains  con- 
stant, the  temperature  is  registered  as  the  botling-pomt  of 
the  liquid. 

Note, —This  reading  will,   however,  require  to  be  corrected,  if  the 

tbread  of  uiercury  in  the  tberuioiaetor  ejtends  above  the  oork.     Tli» 

followiDg  futmula  gives  tha  correutiou  to  be  added  : — 

NlT-I)Ji0-000U3. 


DETERMINATION   OP   BOILINQ-POINT. 
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"0  N  is  the  uumber  of  Jt^greL-B  no  ths  thormo mete r-a tern  which  are 
heated  by  the  Tupniir  ;  T  \a  the  teroperatiirB  indieated  by  the 
thennometer ;  I  is  the  tcmperiture  taken  by  placing  the  bulb  of  n 
aeconil   thoroianieter   midway  between   the  cork  and   the   top  of  the 


DiNcnrltl  coluniD  during  the  procpsa,  the  srcoihI   Inilb  licing  icreened 

fromlhsdirecl  heslof  theBumon-flame;  andO'000143  is  theapparonl 

ooefTicient  of  expanBion  of  mercnry. 

It  aliDuld  bo  rflmembered    that  considerable  ditTercnces  of  atmoa- 

pheric  presaura  Kill  caUBO  appreciable  variationa  in  the  bailtng-point. 
I  All  the  boiling-points,  which  are  giveu  boreaftor,  correspond  to  the 
h   normal  atmoapheric  pressure  of  760  rnoi.  of  mercury. 

BxraBiMBNT.— The  boiling-point  of  methylatod  spirit  may  be  taken 
I  by  thii  method.     It  shoold  bo  appioiiniately  73°  C. 
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ANALYTICAL  REACTIONS  OF  ORGANIC 

SUBSTANCES. 


III.— ACID-RADICLES. 


Ctamdb  (Cj). — Usa  freshly-made  solution  of  KCy, 

The  alkaline  cjanides  amell  faiutl;  ot  bitter  almoixls,  owing  to  tlH 
eroliitioii  or  HC;:   this  acid  is  intensely  paLaoiiaiia, 

647.  AgNO„:  white  precipitate  (AgCy), 

This  precipitate  is  moat  easily  obtained  by  pouring  a  dre 
of  the  KCy  solution  into  the  AgNO^  solution. 

Show  witli  three  separate  portions  of  the  precipitate  u 
liquid,  that  the  precipitate  is  soluble  in  KCy  solution  whq 
it  is  added  in  excess,  and  in  AmHO,  but  is  insolable  i 
dilute  HNO,. 

Filler  olT  some  of  this  precipitate,  and  wuh  it  well  with  hot  watoi 
until  HCl  caoBHS  no  milkiaesa  with  the  Ust  few  drops  of  tlie  washing 
wat«r.  Then  dry  it,  scrape  it  from  Che  ftlter  into  a  ])Otce]ain  cracible, 
and  heat  it  strongly  ;  metallic  ailrer  will  remain.  If  the  cool  reaidne 
is  fforined  with  a  little  dilnte  HNO^  it  will  diKolve,  givine  °ff  tfdiitih 
brown  gas :  and  when  a  drop  of  HCl  is  ndded  to  Ihis  solntiou,  a  inrdy 
precipitate  (AgCl)  will  ba  produced. 

This  method  of  examining  the  precipitate,  which  has  been  (irudaced 
b;  AgNOj,,  diitingutsboa  AgC;  from  A)^l,  AgBr,  and  Agl ;  these  ore 
also  precipitated  by  AgNOg,  and  ore  insoluble  in  HNOj :  but  when 
they  8ts  dried  sod  stronglj  heateil,  they  fuse  without  undergoing  de- 
compositjon.  Hence,  when  HNO,  is  warmed  with  the  cool  moss  nfrer 
fuaion,  it  cannot  dissolve  out  Ag,  snd  when  HCl  in  addi^d  to  tbi'  HNO„ 
it  either  gives  no  precipitate,  or  it  causes  only  a  slight  milkineas,  which 
is  due  to  the  precipitate  not  haviug  been  perfectly  freed  from  solnble 
silver  salt. 

This  process  is  somewhat  tedione  and  need  seldom  be  used,  since 
cyanide  is  readily  delected  and  distingmshed  fay  the  following  reae- 

648.  "  Prussian  Blue  "  test.— FeSO,  solution  and  FbjCIj 
solution  are  added  to  solution  of  cyanide,  and  the  liquid  is 
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then  mode  strongly  alkaline  with  KHO,  and  boiled;  it 
is  then  cooled  and  acidified  with  HCl  r  Prmrian  blue 
[Fe^"'(FeCyi,)j]  will  ha  formed,  and  will  appear  as  a  deep 
blue  precipitate :  or,  if  the  quantity  of    cyanide  originally 

L  present  was  Email,  a  bluish-green  solution  of  the  PruBsian 

I  blue  will  be  obtained. 

[f  DO  cyanide  is  present,  the  addition  of  HC!  will  produce 

I  an  almost  colourless  and  perfectly  clear  liquid. 

649.  Formation  of  Sulphocyanide. — If  dilute  II„SO^  is 
added  to  a  cyanide,  in  a  test-tube  fitted  as  is  shown  in  figure 
73  (505),  and  then  a  small  piece  of  marble  is  dropped  in 
and  the  liquid  is  boiled,  HCy  will  he  carried  over  by  the 
CO.,  gas.  If  the  gaa  is  allowed  to  bubble  through  some 
Am.,8  solution,  AmCyS  will  be  formed. 

If  the  solution  is  now  boiled  in  a  porcelain  dish,  and 
acidified  when  cold  with  HCl,  in  order  to  remove  unchanged 
Am.jS,  the  addition  of  several  drops  of  Fe.jCl,,  will  produce 
a  red  colour  (661).  The  colour  will  be  easily  seen  against 
the  interior  of  the  white  dish.  This  result  proves  that  HCy 
has  passed  into  the  Am,,Sj,  and  therefore  that  cyanide  was 
present  in  the  original  substance. 

A  little  of  this  red  liquid  should  be  added  to  some  HgCl^ 
solution.  If  tile  red  colour  is  destroyed,  it  was  oeitainly  due 
to  the  presence  of  a  sulphocyanide. 

Whe[i  HCl  U  added  to  the  Aiu^  Id  the  above  reaction,  wliite  S  will 
■epsrate.  If  the  yellow  liquid  has  Iwen  preTionslj  boiled  in  a  porce- 
Uin  diib  until  it  becomes  colourlesn,  filling  in  dintiUcd  water  Ui  pre- 
vent B»»poration  to  dryness,  the  separation  of  S  on  the  addition  of  an 
Bcid  i»  prevented.  But  this  separation  of  S  ia  freqnentlj  advantage- 
ona,  since  its  whiteness  belpa  to  show  up  even  a  faint  reddisb  tint  in 
the  liquid. 

The  marbU  ia  nddad  in  order  to  cHUse  evolution  of  COj  gaa :  the 
•■oape  of  the  gu  lessena  the  rink  of  the  Am^S  being  auckud  back  dur- 
ing the  ruction :  it  slao  helps  to  carry  over  the  HCy  into  the  Am^ 
tolatioa,  and  to  prevent  it  from  remaining  behind  in  the  teat-tuhe. 


650-  The  Formation  of  Sulphocyanide   can   often  be 
more  simply  secured,  by  boiling  the  solution  of  the  cyanido 


I 
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in  a  porcelain  dish  with  yellow  Aiii„S.  The  AnL,S  must  bo 
added  until  the  yellow  colour  of  the  mixture  remaiiis  after 
the  liquid  has  been  boiled  for  a  short  time.  If  a  darh- 
coloured  precipitate  is  formed,  this  must  be  Bllowed  to  settle, 
or  must  be  filtered  off,  before  the  yellow  colour  of  the  filtt»toj 
«„be.e.n.  J 

The  whole  of  the  liquid  is  then  filtered,  if  necessary,  an^? 
is  acidified  with  HCl  in  the  porcelain  diah.  Fe^Cl^  is  then  ' 
added  in  small  quantity  :  a  blood-red  colour  will  he  pro- 
duced, which  will  not  be  removed  when  the  littuid  is  heated 
or  is  mixed  with  a  little  dilute  HCl.  The  colour  will  be  at 
onoe  destroyed,  however,  when  a  few  drops  of  the  liquid  are 
added  to  some  HgClj  solution, 

Note. — The  muthodB  described  in  paragraplis  648,  649,  anil  650  lorvo 
as  eiceeilingly  delicate  testa  Tor  cyanide.  The  luethoiK  in  648  aud  649 
are  often  less  readily  performed  than  that  in  650,  but  Ibey  txi'ted  it  in 
dDlicBcy.  The  niethi>d  in  650  19  oa]j  repliced  by  thnt  in  649  in  caseg 
ivh«re,  after  the  substance  liaa  been  boiled  with  an  exouBs  oF  Am^,  the 
fUtrote  is  dark  calanruJ  and  thtrefors  the  red  coloration  would  be  in* 

The  reactions  in  648,  649  are  given  by  many  complex  cyanides 
(653-«l). 

651.  HgOy,  and  AgCy  do  not  show  the  Beacbons  for  Cyanide  by 
methoda  647,  648,  649.  but  when  they  ate  boiled  with  Am^,  accord- 
ing to  method  650,  AniCyS  will  renmin  in  the  filtrate  from  the  blaok 
precipitate  or  sulphide,  and  will  give  the  reil  cnloralioa  with  Fi!,Ct^ 

When  .qolid  HgOy,  is  lieated  in  a  amitll  tube  oloied  at  one  end,  it 
gives  off  eyanogen  gaE,  which  bums  with  n  poach -blaasom  coloured 
Same  irheu  it  is  kindled. 

652.  Hydrogen  cyanide,  Hydrooyanio  aoid  or  Prtuaic  acid  (HOy), 

is  a  colourless,  volatile,  inltaniniabte  liquid  wbicli  boils  at  36°  C.  It 
readdy  miiea  with  water,  and  the  vapour  emitted  ftom  the  aoid  or  ila 
Botution  smells  like  bitt«r  almonds,  The  acid  ia  Kighlypoiaaamavhtti 
it  is  inhaled  as  vapour  or  swallowed  m  liquid.  Hydrocyanic  acid  ia 
easily  detected  by  the  tasta  which  have  been  alruady  given  for  a 
cjauide. 


[663-658.]  FKRROCyANIDE,   reHBICYANUiK. 


Fbhroctanide  (FcCjJ".— Use  solution  of  K^FeCya-SIip. 


Tlie  BbhreTiotod  Torniula,  KjOly.aHjO,  ia  sc 


!B  nsed  (131J. 


653^FejCly:  dark  blue  precipitate  of  Pi-usdan  Jilm 
(Fe^Cfyo) :  insoluble  in  HCl,  soluble  lu  H.jCpj  to  a  dark 
blue  liquid,  and  changed  by  KIIO  into  brown  FegHuOa, 

The  HolDbilil;  iti  U^O,  aud  tho  insolubility  in  IICI,  id*;  1>e  shawa 
by  pouring  oir  pnrtioiiH  of  the  liiiuid  contaiuiajj  tlie  |iTDcipitnte,  heat- 
ing tliain  vfitb  UCl  and  with  H,U  resiKrutively,  then  tillering,  and 
noting  wlicthcr  tho  Sltrato  is  rtutdered  blue  by  tlie  precipitate  under- 
going solution. 

654.  PeSO^:  light  blue  precipitoto  (Fe"K,Cfy),  which 
becomes  darker  in  colour  by  oxidation  on  exposure  to  the 
air,  or  on  the  addition  of  CI-  or  Brwutor,  or  when  it  ia 
warmed  with  HNO3:  it  is  insoluble  in  HGl. 

655.  OuSO^ :  a  cbocolate-coloured  precipitate  (Cu".,Ofy), 
insoluble  in  HA. 

656.  AgNOg  :  white  precipitate  (Ag,Cfy),  insoluble  in 
IIN'0,T  'ind  in  AmHO.  "When  tho  precipitate  ia  heated  with 
UNO,,,  it  chiinges  to  orange-red  Ag_[Cfy,  which  is  sotuble  in 
Amliu. 


I 


I 


I'BuuicrANiDB  (FbCii^'". — Use  freahly-made  solution 
of  KaFeCy^. 
Tilts  formula  ia  soiiiotinies  doubled  und  written  us  Kj(Ki.-Cyu)j.      It 
may  \<e  ubbroviated  to  KjCfy, 

657-  ^^!^'i] '  "lai'k  green  or  brown  coloration  ;  no  preci- 
pitulo  is  formed,  as  may  he  seen  when  water  is  added  to  the 
liquid  until  it  becomes  transparent. 

658.  FeSOj :  dark  blue  prociiiitato  of  TuiiihulVi  niw. 
(F6"jCfy.;) :  insoluble  in  acids :  blue  colour  destroyed  by 
KUO. 


659'  CuSOj  :  yellowish  precipitate. 

660.  Agio, :    orange-coloured   precipitate  (Ag^Cfy),    in- 
Boluble  in  IIN0„,  mluble  m  AmHO.      Ftequeiitly  a  white 
residue  of  Ag,Cfy  is  left  when  AmHO  is  added  ;  this  provmfl 
that  KjCfy  was  present  iii  the  K^Cfy  solution.  fl 


661.  Detection  of  Ferro-  and  rerricyanirte.— Ferro-  and  ferri- 
cyanide  can  be  found  »nd  distiiiguiahfid  by  their  lirsl  llireo  teats,  or  by 
the  jirot^ipiiate  whkh  h«*  bet'ii  given  bj  .AgNO,  in  ths  solution  acidi- 
btd  with  HNOg.  This  preci|>itBte  vill  hare  a  more  or  less  depided 
otangB-red  colour  if  a  fiirricyaiiiJe  is  present  If  the  precipitate  is 
■eparated  from  moat  of  the  liqlli<!  by  fiUration  or  decantation,  and  it 
gontly  heatL>d  with  A.mHO,  wliiio  Ag^Cf;  will  be  left  if  a  ferrucyaiiide 
wta  prcaont,  and  when  Ihe  Hltrrcd  amnioniacal  liqnid  is  amditied  with 
HNOj  orange-red  Ag^Cfy  will  be  reprKCipita-ted. 


.SvLPHocvANiDic  (CyS).— Use  solution  of  KCyS.  ■ 

662,  Fe.jClg  :  blood-rod  coloration,  but  no  precijiitate :  the 
colour  ia  weakened  but  not  destroyed  by  HCl :  it  disappears 
entirely  when  the  liquid  is  dropped  into  HgClj  eohition, 
nnil  difl'ers  in  tliis  respect  from  the  similar  coloration  i 
is  produced  by  certain  other  organic  acid-radicles. 


FOBMATE. — Use  Sodium  formate,  NaHCOj. 

Fonnic  acid  and  farujiteg  mnch  rewmtile  suetic  : 
A  solid  alkaline  fonnate  fuses  and  chars  and  emits  CO  and  CO, 
it  is  alrongly  heated, 

663.  I'^^Cly  imparts  a  deep  red  colour  to  the  solution  (  _ 
a  formate ;  the  coloration  is  destroyed  by  the  addition  at 
IICl,  When  tlie  red  liquid  is  boiled,  basic  ferric  fonnate  is 
precipitated ;  and  the  hquid  becomes  colourless,  if  excess  of 
formate  was  present,  since  the  Fe  is  completely  precipitated. 
This  reaction  is  precisely  similar  to  that  for  acetate  (672). 


-070.]     SULPIIOCVAXIDK,   FOKStATE,  ACETATE. 


it  IB   licnleil   ffitli  Kulutiijii   cif 
ifnlkali,  jivtfia  with  diHicultya 


«+  AgNO,.  or  Hg,j(NO^)»  when 
fonnatc,  in  tlie  absoaCB  of  free  ttoij  cir  ■ 
precipilatc  of  blnck  Ag  or  of  grey  Hg. 


665.  Silver  Mirror. — Wlien  solution  of  a  formate  is  gently 
heated  with  ammoniacal  solutioii  of  AgXtJ,,,  it  gives  no  silver 
mirror  {Note,  694)-  But  froe  formic  aciil,  or  solution  of 
formate  which  has  been  acidified  with  HA,  givea  u  silver 
mirror  when  it  is  heated  with  AgN<_>a  solution. 

666.  HgCl,,,  when  it  ie  mixed  with  solution  of  formate, 
and  heated  to  about  70"  0.,  yields  a  white  precipitate 
(Hg^CI^),  if  HCl  and  alkaline  chlorides  are  absent. 

667.  Strong  H^SOj,  when  it  is  hoated  with  a  formate, 
evolves  CO  gas,  which  burns  with  a  blue  flame.  No  cliar- 
ring  or  blackening  occurs ;  and  no  CO.^  is  evolved,  as  in  the 
case  of  an  oxalate  (675). 

If  ft  formate  is  distilled  with  ilUute  H^SO,,  a  distillate  is 
obtained  which  omits  the  pungent  smell  of  formic  acid. 

668.  Formic  acid  {H,jCO„)  is  a  colourless  fuming  Ijquid 
with  a  pungent  smell :  it  boils  at  100°  C,  and  is  readily 
misuibla  with  water,  with  alcohol,  and  with  ether.  It  is  a 
powerful  reducing  reagent, 


I 


J 


AcHTATE  (C.HPa)  or  (A).— UseN'ftA.3H,0. 

669.  Ignition. — Many  solid  acetates,  if  they  arc  strongly 
heated,  blacken  aud  evolve  the  vapour  of  acetone ;  this 
vapour  possesses  a  peculiar  smell,  and  burns  with  a  bright 
flame  when  it  is  kindled. 

670.  Strong  H^SO,,  when  it  is  heated  ^vith  an  acetate, 
evolves  vapour  of  HA.  This  vapour,  if  it  is  smelt  in  large 
ijunntity,  is  very  pungent;  in  smalkT  quantity  it  smells  like 
vinegar. 
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671.  Fonnatioii  of  Ethyl  acetate. — If  an  acetate  is  first 
mixed  with  b.  liltie  alcohol,  anil  then  with  etcong  H.,&0„  a 
fragrant  smell  of  ethyl  acetate  (CjlljA)  will  be  emitted  when 
the  mixture  is  warmed.  The  emcll  is  most  pronoancod 
^vhoD  the  liquid  la  allowed  to  cool  for  a  short  time,  and  ia 
then  ehaken  up. 

IS72.  Fe,CI„  ir  it  is  adileil  ia  sioitl  iiunotitf  to  aolutioa  at  *.n  Rc«t»t«, 
causes  a  deep  red  eoloTalioH, 

If  this  red  solution  is  boiled,  tbc  Fe  ti  pncipitatcd  u  light  brown 
buic  acetate  :  the  liquid  therefore  beoainvs  colourless,  il  an  eic«ss  of 
acetate  was  present  in  tlie  liquid. 

The  red  colour  of  the  solution  is  chugged  to  yellow  hj  the  addition 
of  a  few  drops  0!  dilute  HCl ;  it  is  distiugulslied  in  tliis  way  (roro  the 
coloratioii  vhich  has  been  caused  hj  sulphocjaiiide  (IS61). 

673.  Gacodjl  reaction. ~Thi«  runction  must  be  carried  out  with 
due  caution,  siuce  the  fapoor  of  cacodji  is  ttrg  jnitoiunia. 

When  a  solid  acetate  in  heated  with  a  miuute  quantity  of  Aa,Of,  a 
dilgusting  sniell  is  ]>roducvd,  which  Is  due  to  the  erolntion  of  the  ynponr 
of  Ciicodyl,  AstCHj),. 

674.  Bydroeen  acetate,  or  Aeetio  aeid  (H.Ci,H30,),  is  known  as 
glacial  aeitic  aeul.  At  tcnipentures  below  17°  C.  it  is  a  colourless 
cr.vstalllue  substance,  which  readily  melts  :  it  boiU  narlwDgvd  at 
116°  C.,  giving  off  a  *ery  pungent  inflammable  vnponr.  This  acid  dnos 
not  redden  blue  litmus  test'pnper  nutil  it  is  diluUO.  It  in  misdble 
with  water,  with  alcohol,  aaJ  with  other  in  sll  projiorliona. 


tJXALATE  (Cpj.— Use  AmXjO^.SHjO. 

675.  Strong  H^80„  if  it  is  heated  with  a  solid  oxala 
ciiusca  an  efTervescence,  which  is  due  to  the  evolution  of  J 
mixture  of  CO  and  CO.^;— 
Am.,C.O^  +  3H,S0j  =  CO  +  CO,  +  2AmHS0,  +  HjSOj.njG 

The  CO  may  he  detected  hy  huming  with   a  hluo  1 
when  a  light  ia  ap[ihcd,   and  the  COj  is  found  by  renderii 
lime-water  milky  (505,   1,  3,  4). 

Ho  blackening  or  chatriug   is   causud  hy  strong  ll^SOd 


[B78-«7fl.] 


Oxalates  differ  in  this  respect  from  most  other  orgniii 
and  their  suits. 


676.  Solution  of  CaCl,,,  of  CaSO^,  or  of  CaH-^O^,  when 
it  is  ailded  to  solution  of  an  oxikl.ite,  gives  a  white  prenipi- 
luto  (CaC^O,),  which  is  insoluble  in  AmllO  and  in  HA, 
hut  soluble  in  HCI  and  in  MNO.     Keep  this  precipitate. 

677.  Conversion  into  Carbonate  by  Ignition. — Filter 
off  the  precipitate  of  CaC^O,  (676),  and  pour  upon  part  of  it 
some  dilute  HCI ;  it  will  not  elFervesce,  Dry  the  remainder 
of  the  precipitate,  and  heat  it  for  a  moment  to  dull  redness 
on  platinum  foil ;  it  will  be  converted  vithoui  hlackening 
into  CaCOj,  and  this  will  etfervosce  when  dilute  HCI  ia 
poured  upon  it. 

Thii  is  s  geueral  test  for  oxaktu  of  K,  fTa,  i!a,  Sr,  or  Ca  ;  sines  eacli 
oftlieaeolaliites,  whau  it  is  ignited,  leavu*  a  ciirio^afe,  nliitii  offtrveBcBs 
witU  tu  Hcid.  U>n]>  other  orgiiDici  ulta  uf  these  meUU  utiJer^ 
a  jirecisely  >>itniUr  clinnge  when  tlis;  arc  ignitoJ,  but  the  change  of 
ihtse  Mils  U  Qsuilly  attemleJ  by  cliarriug, 

678.  Evolution  of  00,  by  Oxidation.— Wban  an  oxatata,  in  tha 
•oliit  slate  or  iu  strung  sotntiun,  ia  heutcd  with  HnO,  and  U,SO|,  it 
cvolvcB  COj ; — 

Am,a,O,+Un0ii  +  3H^04-2C0j  +  Mn8Oj  +  2AmHS0i-H2H^. 


Aiifc.— Since  commerciol  Mi 
frcqiipntly  ^ie  off  CO,  wlian 

If  the  MuO.,  which  ia  to 
tne  frum  rarbanate,  it  is  br 
Unt-tuba,  aud  then  lieat  the 
liaating  should  lie  continuHi 
aionnlly  by  auckiiig  frcali  ai 
which  ia  iiiished  down 


iOjoften( 


i^ai'bonato,  it  will 
«ilh  HjSOj  alone, 
Xie  tissl,  ia  not  known  to  be 
It  lo  odd  a  little  UaSO,  tn  the  MnO,  in  a 
liijiiid.  ir  (JO,  is  Tnuud  in  tho  tuliv,  the 
,  and  tlie  CO,  shouUl  iie  raoiovBd  u«ca- 
inlo  the  lout-tube  tlirough  a  gUsa  talw 
to  the  surface  of  tha  tii[nid, 
Aa  aoou  aa  no  CO,  can  be  lieteutod  iu  the  tube  alter  it  hu  liMn 
lieaUd  for  a  ahort  time,  the  liquid  being  atil]  diatinctly  acid,  ths  oxal- 
ate i*  addwl  and  tho  mixture  is  again  heated.  CO,  will  be  ngiidly 
given  oirrivin  thouxalsto,  and  mny  be  detected  by  the  ordinary  muthodg 

1S05, 1. ».  »■ 
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6Sa  Hydrogen  oulare.  or  OiaUc  acid  (H,C,0,.aHsO),  i 
ID  unlnuriess  rliomhic  crystals,  uliiuli  treiolublein  wat«ranilin  aloohol, 
and  Blightly  sotahleiD  ?tber.  The  acid  meltt  at  100'  C,  and  at  150'  C. 
it  partly  sobltmeB  unallfreil  evolving  vaponr  which  aanara  coughing, 
and  IB  partly  decomiKJse.!,  HiC50j-H.COOH  + COj.  It  yields  ths 
rentlioDs  in  [mni.  675  and  676.  The  rryatatii  dissolve  readily  io 
[irmlncing  an  acid  polsoiious  liquid. 


Sdccinatb. — Use  Ammonium  auccinate,  Am.,C^H,0^. 
BaszoATE, — Use  Ammonium  beuzoatc,  AmCjHjOj. 

681.  Succitiic  acid  and  sutoinnU  fre<]uently  smell  of  ambei,  » 
benzoic  acid  and  bcnzostrs  cominonty  pmil  an  ■romatic  SDiell  of  gl 
Ixnizoin. 

Succinate  and  Ixnii^nate  cIoBcly  rcsemliU  one  nnother  in  their  a 
lytical  reactious ;  the  following  ditTereocea  arc  therefore  iaipart«nt. 

682.  Distinctive  Properties, — .Succinic  acid  cryatallisi 
moiiocliuic  prism?,    ivliicli  molt   at   182°  C. :    it 
soluble  ill  waler, 

Kenzoic  acid  usually  crystallises  in  lustrous  flat  plat 
■which  melt  at  121°  C.  It  is  only  slightly  soluhla  L 
water;  the  acid  is  therefore  partially  precipitated  from  i 
solution  in  alcohol  when  water  is  added,  and  when  stro 
IICI  or  any  other  stroug  acid  is  added  to  an  aqueous  solutii 
of  a  benzoate. 

683.  Ignition. — When  succinic  acid  and  benzoic  acid  s 

heated  they  emit  fumes,  which  are  very  irritating  to  i' 
throat,  and  which  cause  coughing  when  they  are  in 
Benzoatos,  however,  give  off  benzene  when  they  are  I 
with  soda-lime :  the  benzene  is  recognised  by  its  smell  a 
by  burniti^  wiLh  a  smoky  flame,  and  by  the  propertii 
described  in  p^ragraplis  790,  791. 

684.  BaCl„  BOlution,  when  it  is  added  together  with  miH 
alcohol,  precipitates  succinates  but  not  benzoates. 
dilTerence  is  shown  with  CaCLj. 


[flSB-BBS.]  SDCCraATE,  BEXZOATE,  MALATE,  TARTBATE. 


685.  fe^Cln  gives  a  reddhh-hroinn  precipitate  with  sue-    ' 
cinate,  and  a  pale  hrovn  nr  buff  precipitate  with  benzoate, 

II  the  ferric  benzoate  precipitate  is  treated  with  atrong 
HCl,  benzoic  acid  separates  in  crystallinB  Bcales. 


lilkhKTR. — Use  solution  of  Malic  acid  (CjH^Os)  which  has 
been  carefully  neutralised  by  AnillO. 

686-  This  acid  is  a  colourlees,  crystalline,  deliquescent 
sul>stance,  having  a  pleaeant  sour  taste  :  it  is  readily  soluble 
in  water  and  in  alcohol,  but  not  in  etlier. 

687.  CaCIj  ;  the  addition  of  CaCl.,,  followed  by  boiling  or 
by  the  addition  of  alcohol,  produces  a  white  precipitate  in  a 
neutral  Hobtion.  This  precipitate  is  soluble  in  AmIlO, 
(DiiTerence  from  citrate.) 

688.  FbAj  givea  a   whits  precipitate,  which  fuses  and   1 
then  dissolves  when  it  is  healed  with  aufficient  water.    If 
thia  precipitate   is  transforred  to   a  piece  of   porcelain  and 
heated,  it  swells  up  into  a  light  puffy  mass. 

689-  AgNO„  gives  a  wliite  precipitate,  which  becomoa  grey 
when  it  is  healed. 

690.  Strong  H^SO,,  when  it  is  heated  with  a  maiate, 
CU  and  COj,  and  the  li<]uid  gradually  darkens. 


Tabtbatb  (C,H,|0,|)  or  (T).— For  a  Neutral  tartrate,  use 
KNa'T' ;  for  an  Acid  tartrate,  H/i'  or  NaHT. 

691.  Ignition. — "When  a  sohd  tartrate  is  heated  strongly 
in  II  tube,  it  chars  and  gives  off  a  smell  of  burnt  sugar, 

692.  Strong  H.SO^,  when  it  is  heated  with  a  EwlvdU.'A\a.W.. 
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causes  rapid  blackening  and  evolution  of  a  mixture  ol  CO, 
COj,  and  SO.,.  AcconUngly,  if  tlie  mixed  gases  are  passed 
successively  through  K.,Cr,Oj  solution  and  through  lime- 
water,  SOj  and  CO,  will  be  detected  (505,  519) ;  the  resid- 
ual CO  gas  may  tbeii  be  kindled,  and  it  will  burn  with  the 
characteristic  blue  flame  of  C<-'. 

693.  AgNOj  produces  in  the  strotig  solution  of  a  neutral 
tartrate  a  white  curdy  precipitate  (Ag^T),  which  is  sotubla 
in  AmHO  and  in  HNO3.     Keep  this  precipitate. 

694.  Production  of  a.  Silver  Uirror. — Allow  some  of 
the  precipitate  from  the  preceding  reaction  to  settle  in  a 
test-tube,  and  decant  as  much  of  the  clear  liquid  as  possible. 

Then  pour  very  dilute  AmHO  drop  by  drop  into  the  tube, 
until  the  precipitate,  after  it  has  been  shaken  up  witlk  the 
liquid,  is  nearly  but  not  quite  dissolved. 

Now  place  the  test-tnbe  in  some  cold  water  in  a  beakei, 
and  heat  the  water  to  about  60°.  A  brilliant  mirror-like 
jUm  of  Aij  will  be  deposited  upon  the  interior  of  the  tube. 


Note, — If  the  original  solution  of  the  turtrate  ia  dilute,  the  mirror  is 
moat  easily  obtained  aa  followa.  Very  dilate  AmOH  ia  added  to  aola- 
tiou  of  AgNO,  until  the  prccigiitate  wliich  Tomia  at  first  is  nearly 
reiliuolved.  This  roagont  ia  added  to  the  neutral  tartrate  aolutioo. 
When  the  mixture  is  varmed,  the  mirror  will  be  TorDied. 

If  the  liquid  ia  liuickly  boiled,  the  Ag  willbe  deposited  as  a  dull  blaek  A 
lirccipitate,  which  does  not  adhere  to  the  glaaa,  and  ia  not  charicteriatic. 

695'  CaCl^j  precipitates   from  the    solution  of    a   neutral 
tartrate  white  or  crystalline   CaT:    this    precipitate   often    1 
separates  only  after  the  liquid  has  been  shaken  well,  i 
lias  then  been  allowed  to  stand  for  a  time.      It  is  soluble  in 
acids,  and  its  formation  is  retarded  by  the  presence  of  AmCI 
or  of  an  Am-salt. 

Khen  tliis  precipitate  in  fruahly  formed,  it  is  completely  soluble  ia  1 

sttotig  cold  KEO  solution,  which  a  free  from  K^CO,,      When  thi*  1 

alkaliue  eoluiion  of  tbo  Idrtrnte  ia  boiled,  the  CiiT  is  rejirodpitated  j  ' 
but  it  Jisaolres  agaiu,  more  or  Icsa  cuuipleteiy,  wlicn  the  litjuid  ia  colrL 


I 
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Decant  the  clear  liqnid  from  the  CaT  precipitate,  and  pour 
npon  the  precipitate  a  Uttlo  very  dilute  AmllO.  Then  drop 
in  a  small  crystal  of  AgXOj,,  and  heat  alowly.  A  silver 
mirror  will  form  on  the  part  of  the  glass  on  wbiuh  the 
crystal  of  AgNUj  rests. 

696.  ECl,  or  better  KA,  if  it  is  added  to  the  solution  of 
an  acid  tartrate,  or  to  aolutiou  of  a  neutral  tartrate  which 
has  been  acidified  with  HA,  gives  a  while  crystalline  preci- 
pitate (KHT);  this  precipitate  forms  slowly  unless  the 
liquid  is  vigorously  stirred  OT  shaken. 

The  precipitate  is  Rolublc  in  caustic  alkalis  and  in  mineral 
acids,  hut  is  almost  insoluble  in  alcohol ;  hence  alcohol  is 
often  added  to  hasten  the  precipitation. 

697.  Fe,OI,  solatjon,  if  it  is  added  ia  small  quantitj  to  solution  or  a 
tartrate,  underj^oea  no  precipitation  when  the  liquid  ia  mode  strongly 
■Ikaliae  hy  Cho  addition  of  K  HO  or  AmOH. 

TtiB  prvcipitatiou  of  scvorat  other  metula  (such  as  Al,  Md,  and  Cu) 
^m  th«ir  aolations  by  alkaline  lijdratcs,  ia  simiUrly  prevented  by  the 
prsMUcii  of  a  tartiale.  This  is  owing  to  tlie  formation  of  a  double  tar- 
trate, whiuli  ia  nut  di'GonipoHFd  by  the  alkali. 

698.  Hydrogen  peroxide.  If  a  few  drops  of  the  peroxide 
are  added  to  a  tartrate  solution,  then  some  Fe.S(!)^  solution 
and  excess  of  KUH,  a  violet  coloration  will  be  produced. 
(Difference  from  citrate.) 

Initood  nf  ailiHug  H^O^,  NaOCt  aolutjon  may  b«  ailded  to  the  tar- 
trate lululiou  which  lias  been  [irevlously  acidiliad  vtitli  HA, 

699.  Hydrogen  tartrate,  or  Tartaric  acid  (H^T),  forins  coluiirk'as 
rhombic  crystnU,  wbicb  am  not  altered  by  ex]>o9iU'o  to  the  air.  The 
aolidacldnaltsat  170°  C.  ;  it  has  aploaaitutly  tiour  taste,  and  is  soluble 
iu  water  and  Ln  alcobat,  but  not  in  ether. 

The  solid  acid  is  identifird  by  heating  it  either  alone  or  with  strong 
H^0,{6gi,  692),  If  tlie  solid  acid  is  dissolved  and  the  solution  i* 
neutralised,  it  abo  yields  tbe  mactioos  U\  693-695. 


t  give  tlie  above 


BEACrrON'S   OF  ORGAN'IC   ACllvrArilCI.ES.  [700-701? 


CiTBATB.— Uflo  Sodium  citrate,  XajCaH^O-.SHp, 

700.  A  citrate  much  resembles  a  tartrate  and  an  oxalate  < 
in  its  reactions  ;  it  differs  hy  emitting  pungent  acid  fumes 
when  it  ia  carbonised  by  heat,  and  by  darkening  when  it  ia 
heated  with  strong  Il^SO,  only  after  the  mixture  has  been 
heated  for  some  time  and  inflammable  gases  have  escaped. 

Citrate  differs  from  tartrate  by  giving  no  precipitate  with 
KA  solution  (696),  and  no  violet  colour  in  the  reaction  in 
paragraph  698. 

701.  CaCl,,  or  Lime-water.— Catciiun  citrate  is  only 
preoipitated  after  long  ffanding,  or  tithen  Dte  liqittd  u  boiled, 
after  the  addition  of  either  a  large  excess  of  lime-water,  or  of 
a  mixture  of  AmIlO,  AmCl,  and  CaCL  This  precipitate  is 
insoluble  in  KIK ).      (Difference  from  Cat.) 

702.  AgNOj  gives  a  white  precipitate,  which  becomes 
grey  when  it  is  heated.  Solution  of  citrate,  if  it  is  gently- 
heated  with  ammoniacol  AgNO,  solution,  causes  either  very 
slight  precipitation  of  Ag  or  none  at  all  {694).  (Difference 
from  tartrate.) 

703.  Hydrogen  citrate,  or  Citric   acid  (H^C,;HjO,.H^O^'l 

crystallises  in   transparent   rhombic    prisms.       It  is   vsiJI^S 
soluble  in  water,  less  soluble  in  alcohol,  and  only  sHghtljl 
soluble  in  ether.     It   melts   at   100°  C,  losing  water  a; 
forming    aconitic    acid,   and    finally    blackens,    giving    ' 
irritating  fumes. 


Salicylate. — Use  Salicylic  acid,  C;H|;Oy. 

704.  Ignition. — Salicylic  acid  melta  at  157°,  and  at  H 
somewhat  higher  temperature  it  decomposes  into  CO, 
phenol  or  carbolic  acid  (CuHi^O).     It  is  sparingly  soluble  nt' 
cold  water,  but  readily  soluble  in  hot  water. 


[705-712.]  CITBATE.  SALICTI-ATE,  TANXATK,  RAILATB. 


705.  Ignition  with  Sodalime. — The  decompositiou  of 
salicylic  acid  by  heat  is  rapid  and  complete,  if  the  acid  has 
been  mised  with  excess  of  soda-lime  before  it  is  heated: 
phenol  coiidensea  aa  a  white  crystalline  sublimate  in  the 
cooler  part  of  the  tube. 

706.  Te.fil^. — The  solution  of  salicylic  acid  becomes  vioiet 
when  Fe.,C]|i  solution  is  added ;  this  colour  is  destroyed  by 
HCl  but  not  by  IIA.     (Dill'erence  from  phenol.) 

707.  Heated  with  E^SO^  and  Methyl  alcohol,  salicylate 
gives  a  fragrant  smell  of  methyl  salicylate  (oil  of  vint«r- 
green). 

708.  H^SO,,  and  Nitrite.— The  addition  to  salicyJnln  of 
Btroiii;  H..SOj,  which  has  been  mixed  with  a  email  quantity 
of  G  per  cent,  aqueous  solution  of  KNO._„  causes  a  permanent 
red  coloration.     (Difl'orence  from  phenol.) 


I 


Tan.vate,  Gallate. — Use  Tannic  acid,  ChHh,0,h  and 
Gallic  acid,  C^HuOj. 

709.  TbeHC  aciiU  aticl  thdr  m]ts  rcBemble  one  another  in  nmiiy 
Rliklytii^iil  reactiaas.  Tannic  acid  is  fairly  soluble  in  cold  tcaUir,  liut 
gallic  «cid  in  only  aliglitly  soluble.     The   following  dilfercnccs  ara 

710.  Fe.:Cl„  yields  a  Ituinh-hlarl,-  precipitate  with  each  of 
these  acids.  The  precipitate  which  has  been  caused  by  gallic 
acid  disappears  when  the  liquid  is  boiled. 

711.  CnSO^,  in  ammoniacal  solution,  f;ives  a  ^TeL-ui^h- 
coloured  precipitate  at  once  with  a  tannate. 

With  a  gallute  either  the  precipitate  is  not  produced  at  all, 
or  it  forms  only  after  a  time. 

712.  KCN,  if  it  is  freshly  Jias()lvci\,  ^ivRa  &  t^i\  lyJva^'^'CviQ. 


I 
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with  n  gallate ;  the  colour  gradually  fades,  but  it  reappeara 
when  the  liquid  is  shaken. 

No  colour  is  produced  when   KCy  solution  is  added  to 
a  taiiimte. 

713.  Strong  H.,SO,,  when  it  is  heated  with  a  tannate,  gives  . 
a  brown  coloration. 

With  gnllate  a  rich   red  coloration  is   ptoduc«d  which 
clianges  to  clatot. 

In  each  case  SO^  is  eventually  evolved, 

714.  Gclatiiie  is  precipitated  from  its  solution  by  tannic   ' 
acid.     Gallic  acid  does  not  precipitate  gelatine. 


Meconate. — Use  solution  of  Meconic  acid,  C^H^Oj.SH^O, 
neutralising  it  with  dilute  AmOH. 

715.  Meconic  acid  is  present  io  opium  nnd  in  apium  extnett.     It 
forms  colourleas  cryatolliae  scales,  whicli  sre  aljfjhtly  soluble  in  cold   ' 
water,  and  reaclily  soluble  id  liot  wnter  (od  in  alcohol. 

716.  re.,01^, — Meconie  acid  may  be  detected  by  the  pro- 
duction of  a  rfef2'  '■s''  coloration  when  it  is  mixed  with 
Fi!„Clu;  this  colour  is  with  difficulty  de.stroyed  by  HCl. 

This  coloration  aUo  differs  from  that  caused  by  an  acetate    , 
or  by  a  formate,  by    not  diaappearing  when    the  liquid  is 
boiled  :  it  may  be  distia[;uiahed  from  ferric  aulphoi-'yanidB  by 
not  being  destroyed  when  the  liquid  is  dropped  into  solution 
of  HgCla. 

717.  FbA.,  solution  jjivea  a  white  precipitate  of  lead 
mcconate  in  solution  of  a  meoonate. 

718.  CaCl,  solution  gives  a  white  precipitate  [Ca3(C-H0;)j] 
in  neutral  solution  of  a  raeeonate. 

719.  AgNOj  gives  in  strong  solution  of  a  meconate  a  white    ' 
precipitate  of  Ag^^a^'jO-,  which  changes  to  bright  yellow 
AggUC-Oj  when  a  drop  of  AmIiO  ia  added. 


[7M-T31.]     MKCONATE,   URATE.   III?PURATE,  PICRATE. 


—Vae  PotasBium  antr,  KCjHjN.O,. 


Tai.  HHO,  dissolres  tlii-  auid  with  olTervesceniie :  if  this  solution  U 
cTaporaled  to  dryneas  iu  a  porcelain  dlitb,  nnd  thu  midlie  in  tlisn 
moiatuQcd  witli  AniHO  unless  AmHO  \rsa  origiually  preapnt,  bright 
red  muTixide  is  furmed  ;  tliia  bccunics  jiiir|]li'  when  KHO  is  ■dJod, 


t»te»  wiiito  uriu  uuid  froio  solution  of  a  urato. 

ignition -tube  it  chan 


723.  Ignition.^ When  a  uraU  is  hoatecl 
and  givL-B  olf  NH,. 


Hippuhatb. — Di.wolvB  Hippurio  acid,  CjH„NOj,  in  very  dilute  AtnOK 
Bolutioii,  &Dd  nuiitrali&a  if  necesnary. 

734.  This  <eld  oeoatB  in  eolourlua  prismatic  cryslals  :  it  liai  a  Utter 
Ust«  and  a  Btriingly  acid  reaction  :  it  is  ouly  sli^tly  soluble  in  cold 
wnter,  but  ia  freely  soluble  in  liot  water  nnd  in  alcohol. 

725.  HCl  cauBsa  a  white  orystalline  precipitate  of  hippiirio  noid  in  a 
neutral  snlutiou  of  a  hippurate. 

736.  Fe,DI„  causes  a  Qesh-ualonrcd  precipitate :  this  is  dei!anii>oaod 
by  HCl,  with  separation  of  cryatallinB  ncedlKs  of  hippuriuacid, 

727.  AgHOj  ■pvca  a  white  precipitate, 

738,  iKUltiou  with  Bodd-Iimo.— When  a  solid  hippumto  ia  heated 
with  sada-lime,  it  evolves  NH,  and  benzene  (C|,H,). 


I'jt 


D  I'lL-BiL'  Acid  ok  Tbini 


•nSNOL,  OuHJNOj),0. 


729.  Picric  acid  is  a  yellow  crystalline  Bubntaiipi',  which  moll*  at 
132-6°  C.  It  is  intcHsely  bitter  and  aUins  the  skin  yellow.  It  is 
very  sli^-htly  saluhle  in  cold  water,  but  is  salnhlo  iu  hot  water,  in 
alcohol,  and  in  ether,     The  metallic  picrates  are  very  explosive. 

730.  Ignition.— When  picric  acid  is  heated  in  an  ignition-tuhe,  it 
fuses,  then  oxplodei  slightly,  and  gives  olT dense  black  ruuies. 

731.  Bleaching  Powdar:  when  piuric  acid  is  heated  with  UtuacUluq,- 


SKACnONS  OF  THl   ALKALOIDS. 

r  wlotion,   it  giva  off  i   tiungent  odoni   nsembling  tint  of'l 
thu  ia  due  to  the  fomutioD  of  ehlorpicrin. 
733.  EEO  uid  GlnooM,  whta  tlitj  an  heated  with  fitne  a«id,  yidd  j 
■  broa-n  coloni  1  thU  U  doe  la  the  fornutjon  of  picmnk  acid. 

733.  AnuDOnu-oopper    aidphKla    tcdntioii,    nude    ftllulbe    1 
AniDlJ,  girea  ■  blight  gnco  preciiiitate. 


rv.— ALKALOIDS. 


GbNBB^L   FrOFBRTIES  of   AlEALiOIDS. 

734.  Host  Alkaloids  are  basic  Bnbetsnces,  and  TesemUi 
JiHj  in  lliair  bebavjour  with  acids.  Their  Goiutions  ais' 
alkaline  to  test-paper  ;  the  solutions  of  their  salts  are  either 
neutral  or  acid  in  reaction.  The  free  alkaloids  are  almost 
inaoluble  in  water,  hence  solutions  of  their  salts  must  be 
employed  for  trjring  the  liquid  reactions. 


Ge>kral  Reactions  c 

735.  Ka^CO,   predpitates   the 
strong  solution  of  its  salt. 

736.  FhoBpho^molybdic  acid  c 

in  the  solution  of  an  alkaloid. 

Nota.- 


the  liquid  reactions.  ^^^H 

Reactions  oy  Alkaloids.  ^^^| 

ipitates   the    hyJrated    alkaloid    from'i^^| 
salt.  ^H 

ybdic  acid  causes  a  yellow  prodpitata  ^H 

alkaloid.  ^1 

ia    prepared   at   follows :— Tha   solntian   ot    ^^ 


— TbU  reagent  ia  prepared  »  follows :— The  solntian  ot 
n  TDoljrbdAta  in  nitric  acid  (1163,  72)  U  prncipitalcd  bj  the 
cueful  additioD  of  sodium  phosphate  tolutioii  (1160,  K).  The  precipi- 
tate u  well  wuhed,  and  is  then  dissolved  in  Na,CO,  Mlutioti.  This 
aolutiott  u  evapciratol  to  drjinea]  and  ttie  resiilne  ia  ignited.  Water  is 
then  added  and  warmed  wilh  the  reaidae,  which  is  iiDall;  dissalred  if 
adding  conilderable  excess  of  HNO, 

737.  Iodine  dissolved  in  EI  solntion  gives  a  reddiali>j 
brown  precipitate  in  the  solution  of  an  alkaloid. 

738.  Ignition. — When  an  alkaloid  is  heated  on  platinui 
foil   it  hurnB  with  a  bright  smoky  Hume:    and  when  i' 
heated  wit! I  soda  lime  it  evolves  XH^, 


pW-7J4.]  tjUlNISE,   ClSCnn.N*1"SE. 


guFNiNE.— Use  (iniama  sulphate,  C.^HjjNjOa.H^SO,.7HjO. 
CisciioNiNE. — Use  Cinclionbe  sulphate,  CigHjjNjO.HjSO,. 

739.  HCl  and  Ignition, — Both  quinine  and  cinchonine, 
nhea  they  are  mixed  with  HCl  and  evaporated  to  dryness, 
leave  reNduos,  which,  w^ma  they  are  ignited,  evolve  purple 
vapour  similar  in  appearance  to  iodine  vapour. 

740.  Fluorescence. — When  quinine  sulphate  is  being  dis- 
solved in  water,  a  few  drops  of  dilute  H.SO^  should  bo 
added  ;  the  solution  is  intensely  bitter,  and  gives  a  pale  blue 
fluoreecence. 

The  similar  solution  of  jiure  cinchonine  sulphate  is  not 
fluorescent. 

741.  Alkaline  hydroxide  or  carbonate  precipitates 
liydrattid  quinine  from  fairly  strong  solutions  of  a  quinine 
salt;  this  precipitate  disappears  when  the  lii^uid  is  ahaken 
with  other. 

The  corresponding  cinchonine  precipitate  is  not  dissolved 
by  ether, 

742.  Br-water,  or  Cl-water,  when  it  is  added  in  email 
c[nantity,  does  not  colour  a  solution  of  quinine  ;  but  if  AmHO 
is  afterwards  added,  an  intense  emerald-ijrecn  colour  appears. 

Cinchonine  solution  under  these  conditions  yields  a  yellow- 
ish-wMte  precipitate, 

743.  Br-water,  or  Cl-water,  and  K^FeCy,-. — If  the  addition 
of  Itr-  or  Cl-water  to  quinine  solution  is  followed  by  the  addi- 
tion of  KjFeCy^  solution  and  one  or  two  drops  of  KH.U  solu- 
tion, a  deep  red  tint  is  produced.  This  colour  quickly 
clianges  to  dirty  brown  :  it  is  destroyed  by  HA,  but  reappears 
when  AmUU  is  cautiously  added. 

744-  K^FeCy,.  gives  a  yellow  precipitate  in  cinchonine 
solution  :  the  precipitate  is  easily  soluble  in  excess :  it  is  also 
soluble  in  hot  water,  and  crystallised  from  this  solution  as  it 
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JIoRPHisE.^Uso  Morphine  bydtocliloiate, 
C,;H,„KOa.HCl,  311.0. 

745.  Tills  nlkaloiit  is  [iresent  in  opium  and  in  apiam  eilracta :  it  il 
jirtparcd  from  oyiiiui, 

746.  KHO  or  AniHO  yields  a  white  precipitate,  which  ii 
soluble  Id  excess  of  the  reajfeot. 

747.  HNO3. — The  strong  aciJ  produces  a  j/ellomuli^red 
colour,  which  does  not  change  to  violet  on  the  addition  o£ 
SnGl...     (Difference  from  bruciue.) 

748.  Fe.Cl,,  6olutiou :  if  the  neutral  solution  is  added, 
drop  by  drop  to  neutral  morphine  solution,  it  produces  a  dart- 
blue  colour ;  this  colour  disappears  when  an  acid  is  added. 

749.  Iodic  acid,  when  it  is  added  to  morphine  and  itei 
Baits,  yields  free  iodine.  The  separation  of  iodino  is  showa' 
by  the  hi]^uid  becoming  brown  ;  but  tlie  iodine  is  more  cer> 
tainly  and  rea<lily  detected  by  adding  statch-solution,  or  by 
shaking  the  liquid  with  CSj  (565,  3,  3),  The  brown  colora- 
tion of  the  solution  becomes  more  intense  on  the  addition  of 
AmHO. 

This  teet  \a  verf  deUcate  ftnd  ohiiractariitic,  if  tlio  solid  snbatuuM' 
ie  moisteneil  nttli  a  salation  of  oua  part  of  iodic  uiiil  in  HFtiwii 
water,  and  sollitiaa  of  one  part  of  starch  id  four  handrud  of 
then  added.    When  verydilute  AmHO  is  pouted  upon  the  blue  aulul 
thus  obtained,  a  coloared  riuj;  is  Beta  at  the  Biirfau:  of 
tH'o  liquids  ;  the  ring  is  blut  below  and  brows  above. 

This  reaction  serves  to  distinguish  morphine  from  ol 
organic  substances  which  contain  uitrogon, 

750.  H^SO^  gives  uo  colour,  when  it  is  added  to  &  solution. 
containing  morphine ;  but  when  a  crystal  of  K.,Cr^Uy  is 
dropped  into  the  acid  liquid,  contained  in  a  white  porcelain 
dish,  and  the  crystal  is  slowly  moved  about  with  a  glass  rod, 
an  intente  green  colour  appears.  Quinine  gives  a  similar 
reaction. 


I 

n   i£^M 

1 

itiooT^H 
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751.  H„80j  and  K,Cr,Oj.~rE  aolid  morphine  or  any  of 
its  compounds  is  dissolved'  by  heating  it  with  a  few  drops  of 
strong  H3SO,,  and  a  minute  quantity  of  HNOy  is  added  to 
the  cold  solution,  a  deep  red  colour  is  produced.    This  colour 
turns  to  a  mahogany  tint  when  a  fragment  of  KjCr^O;  ia 
dropped  into  the  liquid. 

752,  AmHttoO, :    solution   of   the   moIybJate   in   strong 
HjSOj  produces  an  intense  purple  coloration,  which  changes 
to  blue. 

Strycbsinb.— Use  Strychnine,  C.iHjaN.Oj. 

753.  ■Whfii  Btrjchnine  ia  lieing  disHolvcil  in  wator,  a  drop  «t  dilute 
H^O,  slionld    be   added.      The   aolutioim    of   Etrjchnine   are  very 
poiconons :  they  posKesa  an  inUnsviy  bitter  taatc  even  wben  tbey  are 
oxtremely  dilute. 

754.  H^SO^  and  KjCr^O..— Strycbnine  dieaolvea  in  strong 
H,SO,  to  a  colourless  liquid.     When  a  fragment  of  K.Cr^Oj 
ia  a<lded  to  this  solution  in  a  porcelain  dish,  and  is  slowly 
moved  about  by  pnsbing  it  with  a  glass  rod,  a  bluinJi-violH 
coloration  is  produced,  which  gradually  changes  to  red  or 
yellow. 

The  presence  of  morphine,  or  of  a  metallic  chloride  or 
nitrate,  interferes  with  this  reaction.     If  any  of  these  sub- 
stanoBB  are  present,  the  strychnine  may  be  precipitated  by 
the  addition  of  solution  of    K^FeCy^,  or   of   K^CtO, ;   the 
precipitate  is  filtered  oiT  and  slightly  washed  on  the  filter, 
H      and  is  Ihen  stirred  with  strong  H.,SO,. 

H        755.  ENO„.— The   cold  strong  acid  diseolves  strychnine 
^B    without  becoming  coloured,  but  the  solution  acquires  a  yellow 
^B    tint  when  it  is  heated. 

^^^^ 

^^1 

sulphate.    ^^H 
tracUd  tron  ^^M 


BKACTIONS   OP   NAECOTIKE,   BRL'CKK, 


NiKCOTiNE. — Use  N"ftrcotine,  C^aHjjSO-,  or  ite 

756.  Narcotine  is  present  in  opium,  but  it  ia  not  e*tr»ct«d 
ojnuni  by  ilip  procesaes  mnilly  employed  far  obtaining  morphi 

757.  H.,SO^ :  the  strong  acid  givea  a  hlulah-rioht  colora- 
tion, which  changes  to  orange;  with  some  specimens  a  jcUow 
solution  is  produced  at  once.  J 

When  this  Uqiiid  is  ijradually  inarmed,  it  becomes  finti 
oranije-red  and  then  hluuh-violel,  or  purjilv  stripes  proceed  ■' 
from  the  edge  of  the  liquid  surface  :  when  the  liquid  is  cooled, 
the  colour  changes  to  cherrii-red.     If  the  heatuig  ia  pushed 
to  the  initial  evaporation  of  the  aciJ,  an  intense  redtluli-viotet 
colour  is  produced. 

758.  ^S0^  and  E^Cr„0;.— If  narcotine  ia  subjected  to  the 

reaction,  which  has  been  already  described  for  morphine  in 
paragraph  751,  an  intense  red  coloration  is  produced. 

759.  HNOj ;  the  strong  acid  produces  a  yellow  coloratttm 
in  the  cold  liquid :  this  changes  to  red  when  the  liquid  ia  J 
heated,  but  fades  to  yellow  again  as  the  liquid  cools. 


Brucike,— Use  Brucine,  Cnli^NjOjMH.jO,  01  its  aiilplmtt. 
to  nliEtb  a  drop  of  E 


780.  HNO„  :  the  strong  iicid  yiulds  an  iiiltiiMty  red  coIoratioD,  wbUd 
griuluully  cLungc;:!  to  yellowish- red  and  yellow  wlien  tlie  liquid  is ' 
Wlicn  SdCI,  is  adilud  to  Ihts  iiut  solution,  it  aasunios  an  intoni 
violet  colour.     (DilTBrelKie  froai  morjiliine.} 

781.  EiSOj:  the  strong  acid  produces  BroM-roZouraf  BolntioQ,  whilj 
cbangts  to  yflliAO. 

782.  a,60j  and  KjOr^Oj :  if  the  reaction  wliich  has  already  U 
described  for  ijior|ihiuB   (751)  ia  carried  ont  witii  bniciue,  tliB  liqu) 
becomes  red,  but  quickly  clianges  to  yellow. 


^^^^^^^^^^^^^^^^^^^^^^^^^ 
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V      [783-788.]                   CAFFKIME,   TURPENTINE. 

..   ■ 

H                                 Cafvbine,  or  Theise,  CHjoNjOj.HaO. 

■  cryiUlB.     It  melts  St  225°  C,  AnilBublimeg  nnchtnged.     It  isslightly 

■  soIabU  ID  cold  water,  and  reaJily  soluble  in  hot  water.     It  it  fairlj 
H        floluble  iu  alcohol  aad  id  otlier. 

*             784.  Formation  of  Muroiide.— If  even  a  tract  of  eaffoine  U  mUed 
with  strong  UNO,  aud  then  evapornted,  a  yellow  residue  remains  :  this 
ansumua  au  intuoso  violet  colour  whi-u  AtiiHO  is  poured  ui>ou  it. 

7S5.  Ohlorlnc-water.— If  clilorine  water  is  added,  ind  the  mixture 
is  evaprnled,  a  hrown  reaidiie  i<  obtained :  this  lesi'Iiie  dissolvvs  iu 
AniHO  and  yields  »  violDt-red  solution. 

V.-HYDROCARBON.S. 
Note. —All  hoi  ling- points  arc  Bsauined  to  be  Ciikcn  under  tho  norma] 
correspond  to  a  temperature  of  16-5"  C. 

TuHPESTIfiE,    C,oHj„. 

teristiu  Bniell,  and  boils  at  156-;  its  apecilic  gravity  is  0*876. 
When  it  has  been  warmod,  it  is  easily  kindled,  and  burns 
with  a  very  smoky  flame.     It  is  not  miaciblo  with  water,  but 
readily  dissolves  in  strong  alcohol  and  in  ether. 

787.  Strong  HjSO,  :    wliea  this  acid  is  added  in  small 
quantity  to  turpentine,  and  tho  mixture  is  warmed,  a  peculiar 
and  very  charactoristio  smell  is  evolved. 

788.  Br.water.  when  it  is  shaken  up  with  turpentine,  ia  at         ^H 
OQce  decolourised.                                                                                  ^H 

276  BRACnOKS   OF   BKSZEXE.  CliLOBOFORM.  [T89-7B 


BsszBNK,  OB  Bbnzol,  C^Hg. 

7S9.  Pore  Benzene  is  a  very  mobile,  volatile,  strongly 
smelling  liqulil,  whicli  bums  readily  with  a  smoky  flams,    , 
It  boila  at  feO"  C,  and  its  specific  gravity  is  0-8839.     It  i 

miscible  with  alcohol  and  with  ether,  but  is  insoluble  in  J 

790.  HNO^:  if  the  strong  fuming  acid,  or  a  mixture  otS 
strong  lIjS*),  Bcd  strong  HXOj,  is  warmed  with  benzen^,fl 
nitro-benzcne  (C„HjN<.>y)  is  produced;  this  substance  sepft-1 
rates  as  a  reddish-yellow  oil,  smelling  of  bitter  almonds,  w" 
the  acid  liquid  is  largely  diluted  with  water. 

If  this  nitro-benieno  ia  poured  into  dilute  HCl  and  pieoM  I 
of  dnc  are  introduced,  aniline  u  formed,  and  may  be  detected'  I 
by  the  tests  in  paragraphs  847-851. 


VI.— ILALOID  COMKmXDS. 


CHLOROPUItU,  CHCI3. 

791.  Pure  chloroform  ia  a  colourless,  mobile  liquid,  ■ 
an  ethereal  smell.    Il  boils  at  61 '4°,  and  has  a  specific  gravi^ 
of  1-5.     It  ia  only  slightly  soluble  in  water,  but  is  miscibl^ 
with  alcohol  and  with  ether. 

792.  Formation  of  Phenyl  ieocyanide. — When  chlor 
form  is  mixed  with  a  drop  of  aniline,  and  with  some  solutioi 
of  KUO  in  alcohol,  and  the  mixture  is  heated,  an  inlen 
digagreeal/le  smell  of  phenyl  isocyanide  is  given  off. 

793.  PehUng'B  solution  (864),  "liun  it  ia  warmed  1 

chloroform,  deposits  red  cuprot«  oxide  after  some  time. 

794.  Phenol  and  EHO. — If  a  mixture  of  alcoholic  soltbl 


[T95-798.]  IODOFORM,   MKTffTL  ALCOHOL. 


tion  of  phenol  with  KUO  is  evaporated  to  dryneea  on  the 
water-bath,  the  residue  assumea  aheautiful  purpla  colour  when 
it  is  moistened  with  chloroform.     (Difference  from  chloral.) 


Iodoform,  CIFL. 


795  Iodoform  ia  n.  bright  yellow  suhatance,  which  emits 
a  characteristic  smell,  and  crystallises  in  hexagonal  platos  or 
stars.  It  melts  at  about  1 17"  (645),  and  then  vaporises,  evolv- 
ing iodino  and  HI  and  leaving  a  residue  of  carbon. 

It  is  insoluble  in  water  and  in  acids,  but  dissolves  in  alcohol 
and  in  ether. 


VII. -CERTAIN  ALCOHOLS  AND  PHENOLS. 


Mkthtl  Alcohol,  CH^O. 

7p6.  Pure  methyl  alcohol  resembles  pure  ethyl  alcohol 
(800}  in  its  general  properties;  it  boils  at  66°  C,  and  has 
a  specific  gravity  of  0'7972.  It  burns  with  a  pale  blue  flame 
and  is  miscible  with  water  and  with  ether  in  all  proportions. 

797.  OxidsitioQ  to  Formic  acid. — If  a  mixture  of  methyl 
alcohol  with  dilute  H^SO^  and  KXr.p;  is  distilled  (71),  the 
distillate  will  contain  formic  acid  :  \vhen  this  aei/l  ihslillaie 
is  warmed  with  AgNOj,  it  will  cause  a  brilliant  silver  mirror 
to  bo  deposited, 

Wlien  ethyl  alcohol  is  oxidised  by  similar  treatment,  it 
yields  aldehyde  ;  and  this  only  deposits  a  silver  mirror  when 
it  is  warmed  with  AgNO^  iVi  an  alMiite  nolutUm. 

798.  Formation  of  Methyl  salicylate.— When  methyl 

alcohol  is  heated  with  strong  II^SO^  and  ealioylic  acid,  a 
fragrant  smell  of  methyl  salicylate,  or  oil  of  wiuter-greon,  is 
evolved. 


BKACTIONS   OF  ETHYL  ALCOHOL, 


799-  Iodoform  is  oot  produced  when  pure  methyl 
ftlcohol  ia  warmed  with  excess  of  iodine  in  the  presence  c 
Na^COj  {8oi).     (Difference  from  ethyl  alcohol,) 


Alcohol,  or  Etdyl  Alcohol,  CjHgO. — Use  rectified  spirf 
diluted  with  four  times  its  volume  of  water. 

800.  Pure  ethyl  alcohol  is  a  mobile  fragrant  liquid : 
hoila  at  78°  (646),  has  a  ppecifio  gravity  of  0-T938  at  15"8 
(644),  and  bums  with  a  pale  blue  smokeless  flame.     It 
miscible  in  all  proportions  with  water  and  with  ether. 

If  much  water  is  present  with  the  alcohol,  it  may  1 
necessary  to  add  dry  K^COg  in  excess  to  the  liquid,  and  th^ 
to  distil  over  about  one-third  of  it  (71).  The  alcohol  is  thii( 
concentrated  in  the  distillate  1  and  it  is  much  more  readi~ 
de^^cted  by  the  following  tests  in  the  distillate  than  i 
original  dilute  liciuii!. 

801.  Formatiou  of  Iodoform. — If  NojCOj  solution  ; 
added  to  water  which  contains  a  little  alcohol,  and  the  11 
ture  is  gently  heated  for  some  time,  small  pieces  of  iodiiM 
being  occasionally  added  until  the  solution  retains  a  browi 
colour,  gulden  'jellme  eryatah  nf  iodiiform  will  separate, 
very  little  alcohol  was  present,  the  liquid  may  require  t 
stand  for  ten  or  twelve  hours  before  the  crystals 
their  appearance. 

When  these  crystals  are  examined  under  the  1 
they  are  seen  to  be  hexagonal  tablets  or  six-pointed  stars, 

Tliis  reaulioii  is  jialdiMl  by  uthcr  mibstaucon  bebiilts  ctbyl  alcoholj 
and  is  therefore  not  altogether  churactevUtia, 

802.  Formation  of  Aldehyde  and  Acetic  acid. — Alcoht^ 
may  bo  converted  by  oxidation  into  aldehyde  and  acetic  aciu 
by  heating  it   for   some   time   with    K-jCr.^O,   and   HjSOJ 
lluring  the  process  of  oxidation,  aldehyde  wiU  be  first  smel 
and  then  acetic  acid.     If  the  smell  is  not  distinctly  reco^ 
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niaed,  the  liquid  may  be  distilled,  and  the  first  portion  of  the 
(liatillate  divided  into  two  portions :  one  portion  may  then 
be  tested  for  aldehyde  by  paragraph  823,  and  the  other  may 
be  neutralised  with  Xo^CO.,,  evaporated  to  dryness,  and  the 
Bolid  residue  teated  for  acetate  (670-672). 


803.  Benzoic  and  Acetic  ether. — "When  ethyl  alcohol  ia 
heated  with  strong  H.SO^  and  a  benzoate  or  an  acetate,  the 
characteristic  smell  of  benzoic  ether  or  of  acutic  ether  may  be 


Gltcbrol,  OB  Gltcebinb,  CallgO,. 

804-  Pure  glycerol  ia  a  colourtoas,  viscous  liquid,  with 
intensely  sweet  taste.  It  has  a  specific  gravity  of  1'27,  a 
melting-point  of  20"  C,  and  a  boiling-point  of  290'.  It 
burna  with  a  somewhat  luminous  dame,  and  is  miscible  with 
water  and  with  alcohol,  but  not  with  ether. 

805.  NaHSO,.— When  glycerine  is  heated  with  XaHSOj 
it  avolves  intensely  pungent  acrolein  vapour.  If  this  vapour 
is  passed  into  solution  of  rosaniliue,  which  has  been  pre- 
viously decolourised  by  SO.j ,  it  produces  a  red  coloi-ition : 
other  aldehydes  produce  the  same  result. 

806.  Phenol  and  H^SO^. — If  phenol,  strong  sulphuric  acid, 
and  glycerine  are  mixed  together  in  equal  volumes,  and  the 
mixture  Is  heated  to  ['20'  C,  and  is  then  diluted  and  mixed 
with  excess  of  Am'.lH,  it  Ijecomes  criinnim  in  colour. 


PUKNOL,    OR  CaUBOLIC  AcID,  C^fi. 

807.  Pure  Phenol  is  n  colourless  crystalline  substance  ;  it 
is,  however,  commonly  tinged  with  pink.  Its  small  ia  very 
dmracterisric.     It  melts  at  41°  C,  and  boils  at  \>i'l°  C.    U& 
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spociSc  gravity  in  1-0702.     It  ia  elightly  soluble  in  wator,  ^| 
and  freely  soluble  in  benzene,  in  alcohol,  and  in  ether,        ^H 

808.  Fe„CIu  solution  gives  with  phenol  a  violet  coloration,  ^H 

whiuh  is  d^troyed  by  HA.                                                           ^M 

809.  Bromine-water,  or  Bleaching  powder,  when  it  i<^H 

added  to  phenol   solution,  which  has  been  mixed  with  l^^^l 
quarter  of  its  vohime  of  dilute  AmHO,  produces  a  blue  color*-  ^H 
tion  ;  this  colour  changes  to  red  on  the  addition  of  an  add.     ^^M 

810.  Nitrous  acid.— When  a  mixture  of  strong  H.^SO^  ^M 
with  a  little  6  per  cent,  solution  of  KNO^  is  added  to  phenol, 

it  produces  a  reddiah-brown   coloration,  which  changes  to 
green  and  purple,  and  finally  to  blue. 

811.  Bromine-Wftter,  when  it  is  added  to  phenol  solution, 
gives  a  pale  yellow  precipitate  of  tribromphenol. 

HYniioQuiNOSE,  CgHgO^ 

greenish  tint.     It  m«tU  st  169°  0.,  and  is  eolubk  iu  w&ter,  in  slcohol, 
and  in  ether. 

813.  Ferric  chloride,  if  it  ia  added  to  a  dUute  solulion  at  hydro-. 
quiiione,  pvBs  a  green  DoloTBtiou,  wliich  rBi>idIy  changes  to  reddiA- 

precipilatB  is  formed. 

814.  AgHO,  solution  U  reduced   by  Uydtoquiuone,  and   msUllia. 

Ag  is  iirL'cii>iUted. 

815.  KHO  solntiott  becomes  brown  when  it  ia  ali«kou  with  hydro- 

quiooue  aolutioii. 

I'VBOGALLOL,    oa   PvnOGALLlL    AcID,    CflUnOp 

and  in  readily  soluble  in  water,  in  alcoliol,  and  in  etlier. 

aolution  rapidly  beoamca  brown  ly  eipoaure  to  the  air,  oiviog  to  tha 

[818-828.]  PYEOGALLOL,  ALDEHTDB. 

8i8,  FeSOj  colours  {lycDgnlJol  nolution  dark  blue. 
8ig.  Fe^Ol^  gires  a  fine  red  coloration  to  jiyrogiillol  solut 


Vni.— ALDEHYDES  AND  KETONES. 


ALDKaVDB,  OE  ACBTALDBHIDB,  C.jH^O. 

821.  Fure  acetaldehyde  ia  a  vety  mobile  liquid,  possees- 
ing  a  most  cliataotoristic  siuell ;  it  boils  ut  21°  C,  and  has  a 
specific  gravity  of  0*7676  uniese  it  ie  partially  polymeriaed. 
Il  is  miscible  with  water,  with  aluoliul,  aiicl  with  ether  in  all 
propoitiona. 

822.  AgHOg :  if  AgNOg  eolutioa  is  mixed  with  very  dilute 
AmllO  until  the  precipitate,  which  forms  at  first,  juet  dis- 
appears, and  the  solution  is  theu  heated  with  aldehyde,  a 
ailver  mirror  is  deposited  on  the  glass. 

823.  Hagenta  solution,  which  has  been  decolourised  by 
SOj,  proi-luces  a  jiolnt-red  colour,  when  it  is  niixod  with 
aldehyde.  ' 

824.  KHO  solution,  when  it  is  heated  with  aldehyde,  pro- 
duces  aldohyde-reain,  a   yellow  substance  with  a  peculiar 

825>  KjS,  when  it  is  passed  into  the  aqueous  solution  of 
aldehyde,  produces  an  oily  liquid,  which  is  changed  by  acids 
into  a  solid. 

826.  NaHSOj  in  saturated  solution,  givn.'i  a  crystalline  pre- 
cipitate (OjH,U.NalISOj),  which  is  dBcomposed  byacida  and 
by  alkalis,  with  Uberatinn  of  aldehyde. 
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CnLoitAL. — Use  Chloral  hydrate,  CJICljO.HjO. 

827.  Pure  chloral  (CoHClgO)  is  a  colourless  liquid,  with  a 
pungent  tear-exciting  smell :  it  boils  at  98^,  and  has  a  specific 
gravity  of  1*4.  It  unites  with  water,  forming  a  crystalline 
hydrate,  which  melts  at  57"  and  boils  at  97*5**,  and  has  a 
specific  gravity  of  0'8-48. 

828.  Phenyl  isocyanide  test. — \Vlien  chloral  is  heated 
with  alcoholic  solution  of  KH(J  and  aniline,  it  yields  phenyl 
isocyanide,  which  is  recognised  by  its  extremely  offensive 
smell. 

829.  Silver  mirror. — When  chloral  is  warmed  with  am- 
mouiacal  AgNOg  solution  (822)  and  a  drop  of  KHO  solution, 
a  silver  mirror  is  readily  deposited  on  the  interior  of  the  glass 
vessel.     (Difference  from  chloroform.) 

Chloral  also  reduces  Fehling's  solution  (864)9  yielding 
red  Cu  JJ. 

830.  Cliloral  gives  the  magenta  reaction  (823). 

831.  KOH. — Chloral  is  decomposed  by  aqueous  KHO 
solution :  chloroform  is  precipitated,  and  potassium  formate 
remains  in  solution. 


Bknzaldkhydk,  oil  Oil  of  Bitter  Almonds,  C7H4O. 

832.  This  li<iiu(l  is  colourless  and  highly  refractive  :  it  has  a  specific 
gravity  of  1"05,  and  boils  at  ITQ"*  C.  :  it  is  sparingly  soluble  in  water, 
and  reatlily  soluble  in  alcohol  and  in  ether. 

853.  KHO  :  when  benzaldehydc  is  heated  with  solid  KHO,  potassium 
benzoato  is  formed  ;  and  if  the  resulting  solution  is  acidified  with  HCl, 
benzoic  acid  will  be  precipitated. 

834.  AgNO,,  in  amnioniacal  solution,  is  reduced  by  this  aldehyde  to 
metallic  Ag. 


[835-540.]  BBNZALDKHYDE,   ACETONE.  283 

B35.  N&gSO,  Bolntion  disBolvea  beji'-atdehyde  :  the  careful  ailitition 
of  ililiite  H,SO,  to  this  solution  [irecipitat«a  uryalallinc  flocks  of 
C,HsO.N«HSOj. 


ACBTONB,  CgH^O. 

836.  Pm^e  acetone  is  a  mobile  Iii}tiid,  with  a  peculiar  and 
cliaracterislic  timell:  it  boils  at  55'6''  C,  aad  has  a  speciBc 
gravity  of  07965.  It  is  miBcible  with  water,  with  alcohol, 
aod  with  ether  in  all  pToportions. 

837.  Iodine  :  if  iodine  dissolved  in  Aral  solution  is  added 
to  dilute  AmOII,  it  causes  a  black  precipitate  (NIJ;  this 
precipitatL'  disappears  at  first  when  the  liquid  is  shaken,  but 
ultimately  tends  to  become  permanent.  If  acetone  is  present 
in  the  dilute  nnimonia  solution,  iodoform  separates,  and  this 
b  characterised  by  its  crystalline  appearance  under  the  micro- 
scope {801). 

By  this  reaction  acetone  can  be  detected  in  the  presence  of 
ethyl  alcohol. 

838.  HgCij  solution,  if  it  is  made  strongly  alkaline  by 
alcoholic  Boluliou  of  KOU,  yields  a  precipitate  of  llgt.)  : 
when  the  liquid  containing  the  precipitate  is  shaken  with 
acetone,  i>art  of  the  HgO  is  dissolved;  il  the  liquid  is  fil- 
tered, the  presence  of  Hg  may  bo  shown  iu  the  filtrate  eitliei 
by  adding  Am.jS  (279),  or  hy  acidifying  the  liquid  with  IICI 
and  adding  SnCl  {2S0}. 

839;  Sodium  nitro-pruBBide,  if  it  h  added  to  acetone 
■olution,  which  bus  been  previously  mlsud  witli  twice  its 
volume  of  strong  XatJII  solution,  produces  a  bri-jht  red 
coloration:  this  coloration  becomes  bluish  when  IIA  is 
added, 

840.  NaHSOj,  in  saturated  solution,  gives  a  crystalline 
precipitate  (C,ll|,U.NallS*-*a)i  wliicli  is  decomposed  by  acid 
dr  alkali  with  iibetation  of  acetone. 


RBicnoNB  OF  mak, 


IS.— AMIDO-COMPOUNDS. 


Urea,  o»  Cahbamidk,  CON^H^. 

841.  Urea  reaemblea  the  alkaloids  by  combining  directly 
with  acids  to  produce  salts.  It  is  a  colourless  crystalline 
eubstauce,  and  is  very  soluble  in  water.  It  melts  and  begins 
to  decompose  at  132°  C,  evolving  NHg.  Its  epecilic  gravity 
U  I  323. 

842.  Strong  HNO„  if  it  is  added  to  solutiou  of  urea, 
causes  the  separation  of  the  crystalline  nitrate :  under  the 
microscope  these  crystals  are  seen  to  be  delicate  rhomboidal 

Strong  solution  of  H^CjO^  also  causes  a  precipitate,  which 
consists  of  needle-shaped  crystals  of  oxalate  of  urea. 


843.  KHO,  when  it  is  heated  with  urea  solution,  slowly 
evolves  N  U^,  and  yields  KjCO^ ;  the  carbonate  is  detected 
hy  olTorvcscing  on  the  addition  of  an  acid. 


>lnS 


844.  Hg(N03)^  yields  a  white  precipitate  in   urea    sol 

845.  KBrO-Bolution  causes  a  brisk  evolution  of  nitrogen 
gas  from  urea  and  from  compounds  containing  urea.  The 
solution  must  be  freshly  prepared,  by  adding  Br-wator  to 
KHO  Bolution  until  the  liquid  retains  0  yellow  colour  after 
it  has  been  thoroughly  raixeii. 

A  similar  reaction  takes  place  when  KBiO  solution  acts 
upon  a  urate  or  u{ion  an  ammonium  salt. 

846.  Biuret-teBt, — If  solid  urea  is  heated  for  some  lime 
just  above  its  melting-point,  biuret  is  formed  and  NH,  ia 
evolved.  If  the  residue  is  then  alloived  to  cool  and  ia 
extracted  with  water,  and  the  solution  is  mixed  with  several 
drops  of  CuSO^  solution,  and  then  with  NaOU  solution, 
added  drop  by  drop,  a  violet  coloration  is  produced. 
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Anilike,  oh  Auidobbnkbnb,  C^KyN.                        ^^H 

847.  PureAnilmejsacolotirleftsliquidof  pecnliarBmell;  it         ^^M 

to  the  presence  of  an  impurity  ;  it  boila  at  18J'5°,  and  has  a         ^^H 
specific  gravity  of  1'0342.     It  is  slightly  soluble  in  water  and         ^^M 
in  alcohol,  and  is  readily  soluble  in  ether  and  in  chloroform.          ^M 

848.  Salts  of  Aniline  do  not  give  tiie  following  reactions.         ^^M 
But  the  base  may  be  liberated  from  the  salt  by  treating        ^^H 
the  aqueous  solution  with  KH*.).     The  aniline  will  separate         ^^M 
ill  oily  drops,  and  theiie  may  be  dissolved  by  shaking  the         ^^H 
liquid  with  ether.     The  evajwrntion  of  the  ethereal  solution         ^^M 
leaves  the  aniline  in  the  free  state,  in  a  condition  suited  for         ^^M 
the  following  tests.                                                                                 ^H 

849.  Bleaching  powder,  if  it  is  added  in  small  quantity         ^H 
to   a   very    dihite    solution   of    aniline,    proiluces   a   Jiiauve         ^^| 
coloration.                                                                                               ^^| 

8sa  H.jSO^  and  S^Cr.^0.  solution,  when  they  are  added         ^^M 
to  aniline,  produce  a  reddish  coloration,  which  changes  to  blue.         ^^H 

851.  Chloroform  and  alcoholic  eolution  of  KHO,  when        ^^M 
Uiey  are  warmed  with  tiniline,  evolve  the  intensely  offensive         ^^H 
emell  of  phenyl  isocyanide.                                                                  ^^M 

X.-KUBSTA>-CES  RELATED  TO  THE  FOREGOISG.       ^H 

Etuek,  or  Ethyl  Etbbb,  C,II,„0.                        ^^M 
852.  Fure  ether  is  a  very  mubilo,  volatile,  fragrant  liquid,         ^H 
which  burns  with  a  bright  Hame.     It  has  a  boiling- point  of          ^^| 
34-6'  C,  and  a  specific  gravity  of  0720 1.     Ether  dissolves  in         ^H 
Kbuut  ten  times  its  own  volume  of  water,  and  is  niisi:iblo  with         ^H 
alcohol  and  with  other  organic  lii^uide.                                           ^H 

^^nH^^^^H 
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Acetic  Ethbk,  or  Ethtl  Acetatb,  aH5{CJ£j,0^). 

853.  Pure  Acetic  ether  is  a  very  mobile,  fragrant  liquid. 

It  has  B.  boiling-point  of  77-5'  C,  and  a  specific  gravity  of 

0-9072.     It  ia  eomewhat   soluble   in    water,  and  is  readily 

soluble  in  alcohol. 

S54.  KOH,— Acetic  etber  is  decomposed  by  KOH  iiL^H 
manner  which  is  typical  of  similar  oi^'unic  bodies; —       ^^H 
C,,n5(C,H3C)j)  +  KOH  =  C.HoO  +  KCjH/)j.           ^H 
Tliia  change  may  be  effected  by  simply  warmiug  the  liqq^^H 
for  same  time  with  KOH.     When  tlie  resulting  liquid  is  <^^H 
tilled,  alcoLol  may  be  detected  in  the  distillate  (801),  ^^^| 
acetate  may  be  found  in  the  distillation  flask  (670,  et  >w/.).^^H 

Carbon  disulfhids,  CS^.                       ^^^| 

855.  Pure  Carbon  disulphide  ia  a  mobile,  highly  refract^^^l 

liquid  with  pleasant  ethereal  smell,  but  it  usually  emits  an 

impurity.     CSj  boila  at  46'  C,  and  has  a  specific  gravity  of 
1-292.     It  is  not  miscible  with  water,  and  readily  diaaol^^H 
fatty  bodies  and  oils.     CS.,  burns  with  a  blue  flune,  pl^^^| 
dncing  SO,  (519)  and  CoJ  (505).                                        ^^ 

856.  Formation   of  Potaasium   lanthate.— If   CS^  ia 

heatud  with  solution  of  KOH  in  alcohol,  poUssium  snnthate 
(aH^KCU«„)  is  formed  :  the  addition  of  CuSO,  solution  to 
this  liquid  produces  a  ydlow  jiredintule  of  copper  xautliatfl,^^H 

NlTKOBENZENK,   C„H,(N02).                                  ^H 

857.  Nitrobenzene  is  a  pale  yellow  liquid  smelling  ^^H 
bitter  almonds:  its  specific  gravity  is  1'2,  and  it  boils  at  205]^^H 
it  ia  insoluble  in  water,  but  is  miseible  with  other  orgai^^^f 
liquids.    See  leaction  in  paragraph  790.                               ^^H 

[8SB-eW.]         CARBON   DISULmiDE,   IlF.XTBOSE. 


XI.-CAEBOHYDEATES. 


Graph  Sdoar,  Dsxtro-Gi.uoosb,  or  Dkxthobb,  C^HioOfl. 

859.  Dextrose  is  a  colourleEs  soluble  soliO,  with  a  sweet 
taste.  It  cr^stalliaea  from  its  solution  in  alcohol  in  the 
anhydrous  Ktale,  and  these  crystals  fuse  at  146';  from  its 
solution  in  water  it  crystallisea  in  a  h  yd  rated  form, 
C^H,,_,0g.H20,  which  melts  at  86°.     Doxtrosa  cbors  readily 

n  it  is  heatnd.     Ite  specific  gravity  is  l'S38.     It  Totatea 
the  plane  of  polarisation  to  the  right. 

860.  Strong  E.jSO,. — Dextrose  is  distinguished  from  other 
Biigars  by  yielding  only  a  yellow  mluliim,  when  strong  HjSO^ 
is  added  to  its  strong  solution,  if  the  mixture  ia  kept  cool  -. 
other  BUgars  become  blackened  by  charring  under  these  con- 
ditions. 

861.  KHO.— When  dextrose  is  warmed  with  strong  KHO 
solution  the  liquid  becomes  brown ;  other  sugars  remain 
nncoloiired  hy  this  treatment. 

862.  Heduction  of  CuO.— If  a  few  drops  of  CuSO,  solu- 
tion are  mixed  with  dextrose  solution,  and  excess  of  KHO  is 
then  added,  no  precipitate  is  formed ;  but  when  the  liquid 
ia  heated  yellow  cuprous  hydrate  is  formed,  and  this  is  con- 
verted into  red  Cu^O  when  the  liquid  is  more  strongly 
heated, 

863.  Fehling'a  Golntion  (864)  may  bo  added  with  advan- 
tage in  applying  the  preceding  teat,  instead  of  adding  CuSO^ 
and  KHO  separately. 

864.  Fchiing's  solutiou  'a  [irepareil  ns  follows,  Tliirty-Qve  grnninii's 
if  crysUJlued  CuSOj.&H.jO  are  iliasolved  tu  one  litre  of  water,  aBil 

tlie  olusr  Bolution  ia  kept  in  s  stoppered  bottlu,     173griiiunies  of 
Rocli«ll«-«alt  KNaf],  and  liitj  grammea  oC  NuHO,  ui:.  d.\vw^'(^  \a 
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ft  litre  of  water ;   tltU  wlution  ii   kept  in  ■  corked  botUe.      B^^H 
rotumei  of  these  tvo  Eolntloos  are  mixed  together  in  or<J«r  to  pi^jj^^^H 

the  Febliug's  solution.                                                                                    ^^H 

865.  Fermentation.— If   dean    fteslily-washed    yead  ^^1 
added  to  dexttoae   solution   in  the    flask  elio-wn  in  fig.  73 
(505),  and  the  temperature  of  tlie  liquid  is  maintained  at 
about   25°   for  an    liour   or   more,    fermentation    will   lakp 
place  with  the  production  of  ethyl  alcohol  and  carbon  dioxide 
gas. 

The  escaping  gas  may  be  shown  to  be  CO,  by  letting  it 
bubble  through  lime-water  (505,  4),  and  ethyl  alcohol  m^^H 
be  found  in  the  liquid  which  remains  in  the  flask  by^^H 
reactions  in  paragraphs  80I,  802.                                             ^^H 

This  reaction  by  term<-ntation  is  given  by  other  sugara,    ^^| 

866.  BUver  mirror.— If  dextrose  is  gently  heated  Tn^^| 
ammoniaciil  AgXOj  solution  (694,  Note)  in  a  gloss  vessel,  ^^H 
silver  mirror  will  be  produced  on  the  interior  of  the  glass.     ^^| 

867.  Other  procesaea  of  Reduction.— "When  dextrose  i*^B 

heated  with  solution  of  IvOH  and  of  basic  bismuth  nitrate,  a 
black   precipitate   is   produced.     When   dextrose    is    boiled 
with  CuAj  solution  acidified  with  HA,  it  reduces  the  cnprio 
salt  to  Cu.O.                                                                                ^H 

86&  ^^'hen  dextrose  is  boiled  with  KOH  solution  and  pic^^| 
acid  a  rs'l  colour  is  produced.                                                    ^^H 

Lkvulose,  or  Pbcctosb,  C„H,^0„.                  ^^H 

869.  Levulose  usually  occurs  as  a  transparent,  uncrystaj^^l 
lisable  syrup.     It  is  sweeter  than  dextrose,  and  is  also  ni(^^^| 
soluble  in  water  and  in  alcohol.     It  turns  the  plane  of  polni^^H 
sation  to  the  left.     It  is  fermented  by  yeast,  but  diffet^  fna^^H 
dextrose  by  forming  an  insoluble  compound  with  lime.         ^^H 

CiNK-aUGAB,    UR  SOCBUSB,    CjnHj,jO,j. 

870.  Cane-sugar  is  a  colourless  crystalline  substRUce,  which 
ia  easily  soluble  in  water,  and  ia  intensely  aweet  in  taste.  It 
is  only  sparingly  soluble  in  alcohol.  Cane-sugat  fusee  at 
1 60°,  and  ia  readily  charred  by  heat.  Ita  speciQc  gravity  ia 
1'593.  It  turns  the  plane  of  polarisation  to  the  right :  and 
it  ia  not  readily  fermented  by  yeast. 

871.  Strong  H^SO^  produces  a  deep  brown  coloration, 
wliicli  bccomea  ultimately  black  owing  to  the  separation  of 
carbon.  The  presence  of  much  water  prevents  this  change 
from  occurring  at  ordinary  temperatures. 

872.  KHO  flolution,  when  it  is  warmed  with  solution  of 
sucrose,  jiroduces  no  coloration. 

873.  ConverBion  into  GlucOBe.—  Sucrose  solution,  when 
il  ia  heated  for  a  minute  with  a  few  drops  of  strong  HCl, 
yielda  a  mixture  of  equal  rjuantities  of  dextrose  and  levu- 
lose :  these  glucoses  may  be  detected  by  Fehling's  solution 
(864},  after  the  acid  liquid  has  been  neutralised  by  KHO. 

874.  Silver  mirror — When  sucrose  is  Iwiled  with  ammo- 
niacal  AgNO^  solution,  it  gives  no  mirror  (694,  Note), 
and  differs  in  this  respect  from  the  gluoosee. 


Malthsb,  OB  Malt  Sugab,  Ci.jHjjO„.HjO, 

875.  Maltose  ia  a  soluble  sweet  sugar.  It  resembles  th« 
glucoses  by  readily  reducing  Fehling's  solution  {864),  but 
differs  from  them  by  not  reducing  the  acetic  acid  solution 
of  CuAg.  It  is  readily  fermented  by  yeoat.  It  is  dextro- 
rotatory, and  dilTerK  from  cane-sugar  by  being  converted  into 
dextrose  only,  when  it  is  heated  with  an  acid. 
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Lactose,  OR  Milk-sugar,  CioHjoOn-HoO. 

876.  Lactose  is  much  less  soluble  and  less  sweet  in  taste 
than  the  sugars  which  have  been  already  described.  It 
reduces  Fehling's  solution  (864),  but  does  not  reduce  the 
acetic  acid  solution  of  CuA.^.  It  is  not  fermented  by  pure 
yeast. 

877.  When  lactose  is  boiled  witli  PbA,  solution  and 
AmUlI  is  added,  a  precipitate  is  formed  which  is  first 
yellow  and  then  red  in  colour. 


Cbllulose  (CeHi(,05)n. — Use  Cotton-wool. 

878.  Cellulose  is  a  colourless,  insoluble,  tasteless  sub- 
stance :  it  is  unaffected  by  water  and  by  most  other  solvents^ 
even  when  it  is  boiled  with  them. 

879.  Iodine  reaction. — Cellulose  gives  no  reaction  with 
iodine.  .Vfter  it  has  been  treated  with  one  of  the  following 
mixtures  (a,  h)y  however,  iodine  produces  a  blue  colour  with 
the  product. 

(a).  A  mixture  of  90  parts  of  ZnCI^  solution  of  2*0 
specific  gravity,  with  6  parts  of  KI  and  10  parts  of  water. 

(A).  A  mixture  of  3  pirts  of  strong  IIoSO^  with  2  parts 
of  glycerol  and  1  part  of  water.  This  mixture  is  rubbed 
with  the  cellulose,  in  order  to  effect  the  necessary  change. 

880.  Cuprammonium  hydrate,  made  by  dissolving 
freshly-precipitated  Cu(0H)2  in  strong  ammonia  solution^ 
dissolves  cellulose :  the  cellulose  is  reprecipitated  when  aa 
acid  is  added  in  excess  to  the  solution. 


CKLLULOSK,    STARCH.   IIEXTHIN. 


Starch.— Use  Potato  or  Rice  BlanJi  in  powder  (C„TI,(p05)n. 

881.  Starch  is   iuso'ublo   in  coM  water,  but  it  yields  a   1 

transpatont  liquid  whiMi  it  is  hoiled  witli  water ;  tliis  liquid  J 
becomes  gelatinous  as  it  coole,  if  much  starcli  is  present, 

882.  Starch  granules  may  be  ideutiGed  hy  their  appear- 
ance, wlien  tliey  are  examined  by  a  quarter-inch  objecl-glasa 
undpF  the  microscope ;  wbeii  they  are  viewed  as  transparent  , 
objects,  they  usually  appear  louud  or  oval,  but  tbey  are 
occaaionall)'  irregular  in  shnpe.  They  UBually  siiow  duik 
rings  which  are  more  or  less  concentric.  Many  kinds  of 
etarcb-gmnulcB  sliow  a  cross  when  they  are  esamined  by 
polarised  light. 

These  appearances  are  not  visible  in  starch  which  has  been 
exposed  to  heat. 

883.  Iodine  reaction.— If  starch  is  Iwiled  with  water,  and  . 

a  drop  of  iodine  solution  is  added  to  the  cold  liquid,  it  will 
assume  an  intensely  bluieh-blaelc  colour. 

I'tuA  colour  disappears  when  the  liqttid  is  heated,  but  it 
frequently  reappears  when  the  liquid  is  cooled. 

The  colour  is  destroyed  by  the  addition  in  excess  of  a 
reducint;  agent,  such  as  lljSO,,  Na^SjOy,  or  HjS :  it  ia 
therefore  prevented  from  appearing  if  any  one  of  these 
substances  is  present  in  the  starch  tiolution,  until  the  iodine 
has  been  added  in  excess. 

684.  Conversion  into  Glucose.^ Wlien  it  is  heated  with 
dilute  HjSO^  for  some  time,  starch  is  converted  into  a 
mixture  of  dextrin  and  glucoae,  and  finally  into  glucose  alone, 
The  glucose  may  be  detected  by  means  of  Feliliug'a  solution, 
after  the  liquid  has  been  neutralised  (863). 


KKACTIOKS  OF   OEGAXIC   SUBSTANCES      [88 


Dkxtein  (CflHinOX 

885.  Dextrin  ia  a  white  powder,  wliich  is  aolublo  in  I 
wjiter,  but  is  insoluble  in  strnnrj  alcohol.  It  ie  therefore  1 
precipitated  from  its  uqueoiis  solution  by  the  addition  of  1 
much  nloohol. 

886'  Fehling's  solutioii.  ~  Dextrin  ia  couvertod  iutolj 
tlliicoHe,  by  beiii^'  heated  for  some  time  with  diluted  j 
HjSOj:  when  this  solution  is  iieiitraliaed  and  heated  with  | 
Fehliiig's  solution,  red  CajO  is  precipitated  (863). 

887.  Iodine  solution  proiluces  a  red  colour  in  the  solution  1 
of  inotit.  forms  of  dextrin. 


XII— ALllUMINOUH  SUBSTAXCE8. 


.■\ldumes. — Use  White  of  egg. 

SuUition  of  Albumen  ia  readil]'  oblaiued  by  stirriDg  or  slukiag  Quk  ■ 
Irctili  unboiled  white  of  egg  with  water,  nuJ  thea  atraining  tbesalutitni'l 
througb  lieeii  or  alluuing  it  to  settle. 

888.  Ignition  with  Boda-lime. — Albumen  evoives  NHj,  9 
when  it  is  strongly  heated  with  sotla-limej    the  NH,  may 
be  detected  by  the  methods  described  in  paragraph  145. 

88g.  Albumen  is  readily  Coagulated,  and  precipitated  as 
white  flocks  from  its  solution  in  water,  either  by  boiling  the 
solution,  or  by  adding  it  to  strong  HNOj,  or  to  solution  of 
HgClj.  Albumen  is  less  completely  precipitated  from  its  solu- 
tion by  solutions  of  CuSO,,  of  alum,  and  of  certain  other 
salts,  than  hy  solution  of  IIgCl„. 

890.  Millon's  test.— Solution  of  Mercurous  nitrate,  pre- 
pared by  dissolviijg  2  parts  of  mercury  in  4  parte  of  HNO, 
(sp.  gr.  I'i),  imparts  a  bright  red  colour  to  albumen. 


[a»l-89n,]                      ALBUMEN.  GELATIM.                               293     ^H 

Gelatin'.                                                  ^H 

891.  Gelatin  is  readily  aolubla  in  hot  waler,  ami  a  hot      ^M 
vtrong  solution  "  sets  "  on  cooling.      When  eoiiJ  gelatin  is      ^^M 
heated  it  chars,  and  produces  an  unp'easant  smell.     When      ^^M 
it  ia  beated  with  sodn-lirae  it  evolves  Nllg.                                ^^M 

892.  Tannic   acid   solution    precipitates  gelatin  from  its      ^H 
solution  (714).                                                                                     H 

DETECTION  OF  ORGANIC  SUBSTANCES.              H 

893-   Provision  is  made  in  the  ordinary  Analytical  Tables      ^H 
in  Sections  V.  and  VI.   for  the  detection  of  some  of  the      ^| 
more  common  Organic  Acid-radicles.                                             ^^M 

A  further  special  table  for  the  Detection  of  (trgnnic  sub- 
stances will  be  found  in  paragraphs  1092-IIO6. 

Many  organic   substances,    however,    will    require    lo   be 
tested  for  by  the  apeciat  reaction.^,  which  have  been  given  in 
the  preceding  paragraph-  (647-892). 

^        J 

SECTION  Y. 


ANALYSIS  OP  A  SIMPLliS  SUBSTANCE  CON- 
TAINING ONE  MiilTAL  AND  ONE  ACID- 
RADICLE. 


This  Section  may  be  paased  over  by  a  student  who  is  learning  the 
full  analytical  course :  and  the  full  course  of  analysis  in  Section  VI. 
m  ly  be  taken  up  at  once. 

Examples  of  Substances  for  Analysis  by  this  Section  are  given 
in  paragraph  1169. 

The  Numbers  in  the  Text  which  are  Inclosed  in  Brackets  refer  to 
the  paragraphs  in  which  tesis  or  processes  to  be  employed  by  the 
student  are  fully  described. 


Introductory  Remarks. 


930.  Preliminary  ^Examination. — Before  proceediug  to 
detect  the  Metal  or  Acid-radicle  in  a  Simple  Substance  by  a 
Systematic  Analysis  of  its  solution,  it  is  best  to  make  a  few 
Preliminary  Experiments  upon  the  substance  in  the  solid 
state  (936-941).  These  will  generally  give  some  idea  as 
to  what  substance  is  present,  and  will  occasionally  detect 
with  certainty  the  Metal  or  the  Acid  radicle,  or  possibly  both 
of  them. 

Systematic  Examination  for  the  Metal. — Even  if  the 
composition  of  the  substance  has  been  proved  by  this  Pre- 
liminary Examination,  it  is  usually  best  to  proceed  to  the 
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Sjatematic  Analy sia.  iu  order  to  confirm  the  results  obtained. 
This  muat  bo  precedeil  by  the  process  of  dissolving  the  sub- 
stance in  water  or  in  acid  (935),  if  it  ia  not  already  in  the 
liquid  form.  To  tha  solution  thus  obtained,  the  Group 
Reagents  are  tlien  added  in  a  suitable  order.    The  Analytical 


1 


(931.  942)  "'" 

tre  classified  in 

ied  not  only  by 

D  name,  but  also 

;9  to  precipi- 


Group  to  which  the  metal  present  1 
thus  be  determined. 

In  the  following  Table  {931)  the  metals 
their  Aniilytical  Groups.  Each  Group  is  hei 
its  distinctive  number  and  by  its  di;;t)iictiv< 
by  the  name  of  the  Group  Reagent  which  s 
tftte  its  members,  and  to  separate  them  from  those  of  the  - 
saeceeding  Groups. 

Wliun  tlie  Group  to  which  the  Metal  present  belongs  baa 
been  ascertained,  the  metal  is  ideutiRed  by  the  properties 
cr  appearance  of  the  Group- precipitate,  It'i  presence  is  then 
confirmed,  if  necessary,  by  special  tests  which  are  applied 
either  to  the  precipitate  itself  or  to  another  portion  of  the 
origifuii  toliiUon*  (947-951). 

If  the  Acid-radicle  has  not  been  detected  during  the 
examination  for  the  ^[otal,  it  mnst  be  specially  tested  for. 
With  this  olijoct  a  fi;w  preliminary  experiments  are  first 
Iierformed  (938-941).  IE  these  do  not  serve  to  detect  the 
Acid-radicle,  it  must  be  looked  for  by  the  application  of 
apecial  tests  (952-961). 

Entry  of  Besults. — '^Vliile  the  analysis  is  progressing,  each 
result  must  be  fully  entered  in  the  note-book  (M  soon  eu  Die 
experiment  hae  been  p>^f«riiied;  the  form  of  entry  is  the  same 
as  that  which  ia  adopted  fur  the  directions  iu  the  text  and  for 
the  Analytical  Tables. 

Iu  these  Simple  Analyees,  One  Metal  and  One  Acid- 
radicle  only  are  to  he  looked  for.     The  examination  for  the 
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t  tlio  solutiuii  of  the  sulisUilf 
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Metal  b  therefore  earned  no  further,  as  soon  as  one  metal  •] 
has  been  detected  with  ceitainty ;  and  the  examination  for  I 
the  Acid-radicle  ia  similarly  at  aii  enil,  when  the  presence  of 
one  such  radicle  has  been  eatiafactorily  proved. 

Two  Uetals  may  occasionally  be  present,  a^  irhen  an  j 
alum  [e.g.,  KAl(bO,y  or  tartar-emetic  [K(Sb(>)f]  is  giveB  | 
for  analysis. 

Two  Acid  radicles  may  also  occasiooally  be  present  in  tho  I 
liquids  which  are  given  for  analysis;  eince  a  salt  wluch  is  ' 
insoluble  in  water  may  be  dissolved  in  an  acid. 

But  the  student  should  always  be  informed  of  the  presence 
of  two  Metals  or  Acid -radicles,  if  it  in  any  way  complicatea 
tlie  analysis.     ITiis  will  not  usually  be  the  case,  since  in  the 
most  commonly  occurring  instance,  that  of  a  phosphate  dio-  i 
solved  in    HCl,  the   PO,  ia   detected    in    Group   III.,  and  ' 
accordingly  no  other  Acid-radicle  is  looked  for. 

It  must  also  be  remembered  that  the  substanccB  which  are  1 
given  for  analysis  are  liable  to  contain  impurities;  theae  j 
impurities  will,  however,  usually  yield  only  slight  indicatioD^  j 
which  will  not  mislead  the  analyst.  If  in  the  course  ot  , 
analysis  only  a  sliylU  result  is  obtained,  it  is  well  to  proceed 
until  some  substance  is  detected  in  larger  quantity :  against  j 
the  slight  result,  Trace  of  ■-  -,  is  then  entered. 

The  separation  and  washing  of  a  precipitate  by  liecanlalioit  1 
(94'  97)  ^  recommended  whenever  it  is  possible. 


[931.]  CLASSIFICATION   OF  THE   METALS. 


931.    ASA1,YT[CAI.  CLiSSlFICATIOK   OK   TOR    MeTALH. 


oaoup  L 

GEODPIL 

UiMlt  HhoM  cidartd« 

uid    Id    <U1ut<    uldi, 
•DdwhItihimtherBCnn 

UeUli  whou   >ulphiaH  ftre   Inmlubls  In  dllnta 
■cldi.  Mni  whfrh  ■»  lb«™iore  precLplUiled  from 
«*(  *oli<tlu.i>  hir  brJrogen  .uip^de 

or  BUver  Group. 

Hydrogen  ealphide  Qninp. 

Bulph]d5rii..<.luld^  L.<     ,      8,.l,.l.1.l«  «.lubl«  11. 
NiHO  and  Id  Antja.      |      NuIlUand  In  Am^S. 

[Lwul      .               .      Pl,t    llerfurlmim  .        .    H«"    Tin         ...    8n 

QBOUT  ni. 

GROUP  IV. 

QROUP  T. 

Uctali  Khtcli   sn   prgrilpltaled   by 
NB,Oa   u   h)rdr.tu    from   their 

r^''t;b^;it!;.rrnr..?^b£ 

Mvtall  whnM  W- 
buu«tM  nro  pre- 
olpliaUd  br  Rd- 

chlorida. 

cbloridB, 

Ammoiiiiimi 

■OBOWlll.A. 

Ammonium 
■   bydwte,  or 
I.  Iron  Gronp. 

bydrale  and 
Iphide  Group. 

f  fiRODP  Ill.n. 

1  sulpbide.or 
{  Zinc  Group. 

bonale.  or 
Barium  Group. 

Gronp. 

In»      .      .re 

Barium   .        .    Bi 
Slrontliim       .   Mr 

Sodium        .     Ka 

AKiLYSia  OF  A  SIMPLE  SOLID, 
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DIRECTIONS  FOR  THE  ANALYSIS  OF  A      ' 
SIMPLE   SUBSTANC '-■■!. 

Th<^  substance  given  for  fknalysiB  may  be  either  a  ^liJ  or  • 
liqiiiJ.     If  it  is  a  solid  examine  it  by  paragraplis  932,  et  s^.,  1 
or  by  paragraph  969  if  it  is  metallic  in  appearanco,  omitting  1 
paragraph  937.     If  n  lii^uid  is  to  b«  analysed  bi-^tn  at  p(ii«>  1 
graph  937. 


THE  SUBSTASCE  IS  A  SOLID. 

The  Appearance  and  General  Properties  of  the  substanc*! 

must  be  ciirofuUy  obaervcd  and  noted  down. 

932.  Note  its  Colour.     Thu  following  ate  some  of  tKi 
maat  commonly  occurrinf;  coloured  subetanceB : — 
Bliv  :  byilrateJ  ciipric  salts,  and  anhj'ritoiis  colinlt  salts. 
Yellow:  normal  cliromnles,  i.reci]iitiito.i  HgO,  CdS,  AsA.  S"S^ 
BrmmUh  gelltno:  teniv  ults,  PbO. 
Oranff-red:  certain  diclironi&UB,  Sb^. 
Hid:  HgO.  Bgl^  HgS,  Pb.O,. 

Grwn  ;  Cr,0,,  CuCI,,  «alta  of  Ni  and  Cr.     Pnlr  gran  :  ferrons  mH.  j 
Seddish-pitJc  :  liydrati-d  cobalt  ealu.     PaUinnJc:  maQganaoi 
Darkl^BVin:  PbO^  7e,0,.     Lighlbrovm:  PbO,  Bi,0,  CdO. 
BlaO! :  Sl«A.  CuO,  Mi.O,.  FeS.  Cc.,<\ 
B'hUf:  anlij-drom  sslts  of  Gii  Hoii  Fe",  and  maiiy  oilier  powdtP 

Coloarltia ,'  a  largo  number  of  colourluss  crystaJlini-  budiea  *j 

933  Any  cbanicteristic  Smell  of  the  substance  is  noted, 

OI.«crve  also  whether  it  is  in  powder,  crystals,  or  non- 

«rystallme  pieces,  examining  tbu  substance  with  the  aseiet- 

^nce  of  a  l<?ns,  if  necc&sary.     Note  also  motullic  appearance, 

hardness,  or  attraction  by  magnet. 

934.  Powder  the  substance  as  finely  as  possible  (988), 
before  siibjccting  it  to  pyslematic  analysis.  Then  ascertain 
its  solubility,  and  examine  the  substance  further,  aa  is  directed 
in  paragraph  935. 


^^^^^^^E 

■. 

f935.]          PBOCESS  OP  SOLOTroV  OF  8CB8TANCE. 

m 

riKTEIlMrSATlO"    op  TRH   Soi.UBH.ITY    OP    THB   SdBSTANCS.        ^^M 

slanca   depends  upon  whether  ib  is  soluble  ot  insoluble  in    ^^| 

water  oi  in  acids,  the  foUowinn  experiments  ore  tried  befone    ^^M 

the  analysis  is  commenced.                                                              ^^M 

in  a  broad  test-tube  ot  in  a  boiling  tub.i ;  then  fill  the  tuba     ^H 

about  one-tbird  witli  water,  &nd  heat  the  liquid  to  boiling.          ^^ 

liefer  to  figures  37,   3S    (85J   for   otlier   methods   of    dis- 

solving  a  Bubstunce. 

LTbaSahMXMUM 

Th.  BobituN  doM  DDE  dL-HlH :  Lent  a  r»«li  portlDn  »itb  dilute  Del  to 

UwlTH. 

l.»i1hig :  If  It  doH  Dot  diswlve,  dicBnt  oud  boll  UisnOtliu  with  itrong 

tSKSS 

>.  The  Bubituu     The  ButMCuee  dan  mC  diualn  :  ime  iride  the  la»t- 

diMilna,                 Iiitw  oonulDliig  the  lUhetsDce  wiUi  BQ,  uid  eUr  a 

ti™h  i«rth)n  0?  tho  .utaUliM  with  >  llltl.  dllaM 

,hyll«I.r«lliiit- 

sD» 

JftrniworCnHip'      lINOa:  If  It  U  nut  dli»ol»ed  boll.    If  dllnte  HNO, 
J.,  etct'iii  piw        dui^nutdluolvuU.heatolthAlltUeitroUEUKOi:- 

and  melion  or 

■lhl>-  Pk 

ml     '•h''  ."' 

The  Bol»tue>  d<M>  not  dluelie  i 

'^^>'^ 

.portlonoMhe  ;      di  i^lVM*^ 

mil  tiiKelber  the  ec.iiWnH  ol  the 

tulid  gulwUnw 

hy  IhB  prttlmi-     An^roxsmlnliiir 

t»o  luU  IN  »hld>  the  .llb.t>ll<» 

^i-**di™ 

nare  («>(B  {93t      g  [lortluii  ol  the 
aola  IhBTOlonr  1     br  llm  nreHuil- 

^■toiatmly- 

*. 

nf^^Jhe       HOll     „Lyt«!iM(936 

1 

".andproccml 

?bS; 

■""""■      1  'f "  '"■ 

to   Diuuina  11 
tor  the   nusUl 

?n  h!)C^  ([,»" 

AtlereumlDlng  ' 
■  portloiiulthe     E«ndHe.r™ii 
uiUd  (BbaUnui      portion  al  tbe 

L)inde>am£e 

;s-d';£.K 

llIurltwDietkl 

SSd'^i^dK 

■trona  QCl  mid 

liy  the  pnrllnil- 
.tary  tort.  (9jB 
miirf    »3I-M>. 

elemtiietlteeo- 

lUtlOD      III     Uw 

BiiitBre         ot 
HN0i,>ni1  HCl 
for   the   meUl 

■ulutane.      by 

^H 

M>.     S«™.«, 

Eiandiie  ror  the 

■clil- radicle  by 

i^NO^ 

n«.»s.. 

1 

ANALYSIS   OF   A  SIMPLE  SOLID. 


PRKLIMINABT    EXAKINATION  OF   A  Sl»PI.E  SoLDDLR   SOLIO 
FOR  TUB   MkTAL. 

936.  The  Following  Table  is  Lhus  arranged.  In  the  first 
column  in  placed  the  experiment  to  be  made;  in  the  second 
a  list  of  the  results,  an^  one  or  more  of  wliicfa  may  be 
observed ;  and  in  the  third  the  inferences  to  be  drawn  from 
these  results. 

Confirmatory  or  BU[iplenientary  expErimenta  are  occasion- 
aUy  entered  [  they  are,  however,  only  to  be  tried,  when  the  re- 
sult which  immediately  precedes  them  in  the  second  column 
has  been  noticed. 

A  more  complete  Preliminary  Examination  will  be  found 
in  paragraphs  989-995. 


it 


t.  Tha  nlaUiuii  don  nat  chuf*. 


□.  Tbamb 


of  tlie  lulte. 

A  gray  lUblimiti  ol  i 
Iiuln,  lieataHii  by 

A  bUck  mimw-like  • 
I,  The  lubnuce  bliuketi 


(purple  ripnn^ 
rrewnce    ol    RB^ 
Conllnu  by  NnHf 
( 14;)  uid  ptuoseil  M 

pHTManipIl  M>. 

PreMBCBdlHg.  Pnnr 
Amllo   apoa    iha 


Fiewiite  of  in  or. 
ganlo  lalAlaruiih 

An  Dtauilc  ult  of  E, 
Hn,  bn,  Br.  it  Ca. 
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«.„„„„. 

Obaurvntlon. 

iBlereuoe. 

B.  Ou  or  vapour  la  given  ciB :   >me1l  the 
laponr,    and    Iwt    with   ipark   mid 

"Es'lSI-si"' """""■ 

Cl,  Br,  I.  known  by  .moll  and  ool»ur :  Br 
and  I  bjr  action  oti  lUroh  {laale,  aud  Cl 
by  bleaching  moletlitmna. 

A  Ilip  of  wood  with  a  ipark  at  Ita  end 

Slow!  brIghUy  or  bunCi  into  lUme. 

5:iellBm=h».agr«ol.!,balo. 
The  gaa  can  be  lighted  and  huni  at  the 

mouth  al  the  tube;  note  the  culour 

1.1  the  Home : 

ploSl.«ly..hdhltromIume,  Bremen. 

BritfM  «kili.  the  unbumt  gai  aniella  ol 
guUo. 

/'•ocA-ifoMOio  oo[ourid;Iaf»,  grey  lub- 
llniate  of  Eg. 

From    nltmle    d1    a 
heavy  tneUL 

t™Sor..nlpbldB; 

■uiphate,   nllnhl(a, 

From   cerUIn   ohlo- 
ridai.  brrimldei,  or 
lodl<lee;aliub»l. 

0  from  chlorate   (.r 
Preaencfl     of     NH, 

sssst'"" 

PmenceufPHj-pmb- 
ably  Irum  a  hy|H>- 

ph0TOhll8(<SM). 

Fnmjnco  of  Cy,  trom 
UgCy» 

PhoisnO,  or  1)1,0,, 

fl.  The  anbatancc  changai  colonr  :— 

Y4U0U.           hoL      Whit,.            eold. 
YtOm-bmrn.  „       I'uftar, 

".is:-')..  — ™.  .. 

SXP.  It  Dip  ISO  the 
poiriered  •ubnasco 
a  iBoia™»d  loej.  of 
pUElauia  wire,  oni 
EolTlh.    IMP     in 

BCI,  and  icaln  liDlt 
the  loop  in  the  Same 

l  Th.  aase  ii  not  oelounii,     . 

meratvl  heluw. 

K, 
Pa. 

Ba. 
Cn. 
B^ 

IK- 

(Appeaiingor«B  through  the 
***      T  Appearing  iiKinnnrfthroiigli 
iTilhwith-ffr^a 

.rale  Ww,  livid 
Blu.     \ 

or  S  it  Intense,  i]o  further  eiamluatlou  for  the  metal  !■ 
I  ihould  bo  ronllrmed  by  iHirlng  with  NaUf  (14a).  Pro. 
1   le  Blight,  a  trace  oolf  of  the  metal  K  pruent,  and  ths 


be  wCiU 


CnHjlnnalari/. — 1 1  (he 


ultt     r»idi 

Ins  mndndn'  nu 
Uia  cluuvaal  ulth 
CMNO,),  •ulntl' 
■ad  hni  U  a^ 
■tnuglr    Id     till 


Exr.    IV.    Pi 
1  ouwiiii 


ud  whEB  ii  u 


prentuie  dI  Cr  ai 
of  Un  uuf  bi  can 
Brno],  b)'  fudng  i 
poMon  of  tlw  (uIj 
■IMtnoDpliiUuniii 

Ni«CO,  ud  fUO, 


iwnilitr 

tbt  c)iino*l :  pronvd  M  Exp.  IV. 


■nd  drxa  not 

.„ .-liil,  DcHbirlt 

■-n  aii;  incrmtBtiun  cormed  upun 


Preface  of  Ba.  Sr, 


mm  uf  ItL  It 
a.  or  pcatlblj  a 


a     phnsptiat 
niatv,    uUeat 

PTMaUbc  o[  Me. 


Gram,  buk  Uui.  ciitd.  Jitd  ur  tulimrlati 

Bt«g,  liul  aliil  Duld.       £Jiia.  but  uid  mid 

Wli-Dold!  "^  f  '"d""  ■  -I 
Oftmm,  ttoi:  iiMn:  I    Botllt    mwn,    hut) 

P'dd.  i       aiideStl      .       .! 

Gnvri.t  Iml  anJ  ooliL  (Vrwn,  Imtud  enid 
/•«T^.l,i,t»i.d«dd.  '^'Sd'T"  ""J  ""!  1 
A  silluic  miiu  on  ranling    .... 

A  blai^-ffrftn  uiua  dp  cmtliig  . 


Pr«eiirv  ot  Cil 


b«Bd  vlU  often  appear  opaiiUQ ;  IT  too  Ifttle  ia  emplt^ed,  one 
UM  Dieuu  mar  eacspe  aeudJoo.  It  ialwet  lohueonlf  aminulc  quanCH^r  lulo  tlM  bead, 
111  tl»n  lo  add  djuib  If  do  uolaur.  rr  oalr  a  foial  colnm-.  b  prDdooed. 
I  It  Cr  U  iiHient  ai  a  chromate,  it  glvai  a  Iwad  vUch  la  iniM  wblUt  hnt,  after  It  hai 
■n  fiiMd  Id  tbe  uutvr  Ulnwplpe-Bame -,  but  tbli  brunn  colour  ii  not  nprbducuil  wheo  tbe 
Jai  been  ch»Bgeil  to  ereen  liy  being  hmlcd  In  the  timer  name,  and  1*  theu  affaln  buitad 
— tItrBaiae.    TItiM  lUKlniiUlltuaUiebiQiiiiubmmt.te^wtAttauiUiKticuflniTOD  bw4 
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Experiment. 


Exp.  y.-Miz  the 
tnbstanoe  in  a 
nudl  OETitj  on 
wood  -  ohtfooal 
with  KaoCOs  and 
KCy.and heat  the 
mixture  itrongly 
in  the  inner  blow- 
pipe •  flame  for 
•everal  minutea. 

If  metallic  globules 
are  obtained,  de- 
tach one  and 
strike  it  sharply 
on  the  bottom  of 
an  inverted  mor- 
tar with  the 
pestle,  and  note 
whether  it  in 
crosheil  to  pow- 
der {hrittU)  or  is 
merely  flattened 
out  into  a  cake 
{malUal/le) . 

If  the  glolniles  are 
white  and  malle- 
able, take  one 
vpon  the  point  of 
a  penknife  ami 
see  iX  it  will  mark 

Ciperas  a  black- 
ad  pencil  does. 


Observation. 


Metallic  scales  or  globules  are  obtained,  or 
an  incrustation  forms  on  the  charcoal : — 


Yellow 


Globules. 
White  and  brittle. 
White  and  brittle. 
Red  and  malleable. 
White  KwA  malleable  \ 

marking       paper  [• 

easily.  j 

White  and  malleable'^ 

not  marking  paper  [- '  Xoue 

and  readily  fu»il)U'.  >  j 
White tkUii malleable)  ' 

not  marking  paper. ' 

fusible   onl\    witli  ( 
difliculty.  ) 


Incnuftation. 
White 
'.  Yellow 
None 


i  None 


None 


None 


None 


i 


f  Yellow  whilst  hot,"^ 
j  tr/a'tt!  when  cold; 
I  becomes  green 
when  moistened 
with  Co(N03)2 
I  solution  and  re- 
!  heated  in  the 
V  outer  flame 
Broum     . 

I  White  ;  on  smell- ) 
)  ing  the  charcoal  (^ 
i  a  smell  of  onions  / 
'    is  perceived.        ) 


Exp.  VI.— Fuse  the    Particles  float  about  undissolved  in   the 


■ubstanoe  in  a 
oolonrless  bead  of 
HaAmHPC4. 


bead. 


Inference. 


Presence  of  Sb. 
Cu. 


II 


Pb. 


Sn. 


Ag. 


Zn. 

Cd. 
As. 


Presence  of  silica 
or  of  silicate. 


After  the  above  Preliminary  Examination  for  the  !Metal  has 
been  completed,  the  Preliminary  Examination  for  the  Acid-radicle 
(938,  et  aeq.)  is  made.  The  solution  of  the  substance  is  then 
prepared  according  to  the  directions  in  paragraph  935,  and  is 
subjected  to  the  full  systematic  Examination  (942,  et  seq.). 
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ANALYSIS  OF  A   SIMPLE  LIQUID. 


[987.] 


937.  Preliminary  Examination  op  a  Liquid. 


Experiment. 


Exp.  L— Kote  the 
Colon"  of  the 
liquid. 

Note. — If  the  colour 
has  t()  be  observed 
by  night,  it  should 
be  exaroined  by  the 
white  light  ob- 
tained by  burning 
a  piece  of  mag- 
nesium ribbon. 

Delicate  tints  are 
best  seen  by  look- 
ing through  some 
thickness  of  the 
liquid  at  a  sheet 
of  perfectly  white 
paper. 


EXP.  n.  —  Dip 
pieces  of  tur- 
meric-paper and 
of    blue    litmus- 

Eftper    into     the 
quid. 


Observation. 


I.  The  liquid  is  Coloured :  — 
{  Very  delicate  . 

( Intense 
/Very  delicate  . 

(intense 

( Reddish-yellow 

(  Light  yellow  . 


Pink 


Green 


Vellow 


Blite  . 

» ioUt  or  purple 


n.  The  liquid  is  Colourless 


It  is  Neutral  ...... 

(Not  affecting  the  colour  of  either  paper.) 


It  is  Acid        ...... 

(Turning  blue  paper  red.) 
If  no  effervescence  occurs  when  Na^COj  is 
added  to  a  part  of  the  solution   and   the 
liiiuid  is  M'armed,  free  acid  and  acid  salt  are 
absent. 


It  is  Alkaline  ..... 

(Turning  turmeric  brown.) 
If  the  colour  of  the  paper  becomes  only 
slightly  changed,  the  probable  presence  of 
an  alkaline  salt  may  be  inferred. 


Inference. 


Presence    of    Mn    or 

dilute  Co  solntloQ. 
Presence  of  Co. 

Fe",   Ni,    or    Or 
in  dilute  sola- 
tion. 
Ni,  Or,  or  CuCU 
Fe'''     or    a    W. 

chromate. 
neutral        duo- 
mate. 
Cu. 

Cr,  or  a  permaa- 
ganate. 


>• 


II 


i> 
II 


Absence    of    Co,    m, 
Cr,  Cu,  &c. 


Absence  of  free  addi 
and  alkalis,  and  of 
all  salts  but  some  of 
those  of  Ani,  Na,  EL, 
Mg,  Ba,  Sr,  <2a,  Ag. 

Presence  of  a  free  add, 
of  an  acid  salt,  or 
of  a  salt  with  add 
reaction. 


Presence  of  a  hydrate 
of  K,  Na,  Am,  Ga, 
Sr,  or  Ba,  or  <tf  a 
salt  with  alkaline 
reaction. 


tXr.  ID,  EnpDnt* 

%l   MU  of  tti> 

Ufall  iwB  ■.  thin 
WMiili-«*u»,'Ti»iciI      , ^  

EBB    It    tmuv  'Hlc  imgll  KMinlilci  UrnC  n(  clttmd  angur   ,     I-ru«nc«  of  T,  IFTu'i- 

■     klinin    a  XeU.—If  the  oiild  reddue,  titer  ioMttoD,       ''''l'- 

•m«)l  flanu  upon  etretvoices  wlUi  ■  drop  of  HCI,  whcreu  Uw 

t    piece    uf   wire  iinlgnlled  ntUoe  did  uol,  the  onpuire  Held- 

(UUB,  or  liy  meani  riiilTcla  1b  Doiled  with  B«.  Sr,  Cn.  Mb',  Hi, 

i(t']S.*.n«,i,-m.in.     The  THjulti  In  B»p.  I.    IKT.  BjB,  mij  bo  liiro  ' 
on  tJ«  iji™  bri™        o"*-™!  ""1  ■twW  6*  n"'*'!. 
IhlaEndiully  iiitu     Keep  IMt  real.lue  [or  Eip.  VL 

tbofluucuiaheal 

It  moro  ■tningl)',  , 

Ao  B4>idui  i(  left  AbKni:c  ut  an)'  tlli- 

Ir  the  U<iutd  ta  bIbo  culonrleu,  tutdou.  I    lulrud  ulld. 

iioLuM'jiilyoiaiilllled  water,  Bndti«rurHi» 

hHcId  >•  Alkaline,  NHa  iiiiiat  Iw  liwlud  lor  ;  i 
Kit  [ticld.  ll^'ll,,  a-fi(\,  HOI,  HKOi,  BjSli,,  ' 
:  and  uthxr  rulutilu  m^dB  ouly  need  be  Uvted  ' 


KTV.AUauMi  &  eniill  ol  .ND,;  mulat  tnnnerlc  la  turned 
wllaHO  or  truwii,  and  ■  rod  molalened  with  (ironii 
daticiii  and        HCI  iiruduisi  while  tnaiM  wbBD  It  lalKliI 


Frueuco  ol  HBj. 

IHed  be  triiHl  (Dr  ■ 
mntiU.    Prooeed  to 


P,  r.  The  AnuosUviituinigjG.  IL)li  then  tdodbydlppldtftljeplBUulinKln 
ll<|uld,  *  lilcli  Iwa  iHHin  llnl  iHiiicentraled  hy  evaporalion,  if  It  la  ittj-  dilute. 


PRKLIMISABY   EXAMINATION   FOB  THE 


m 


PBELIMlNAIir   EXAIC 

iM       938-  PoBT  "iilute  H.,SOj  in  excess  upon  tlie  substance  in  a  teat-tube, 

A  gas  is  evolved,  as  is  shown  by  the  occurreuce  of  effervesc-enoe 


wUfcoul  Smell. 

k  drofi  ol  lime- 

hsld  In  the  tnbs 
npou  Uu  end  of 
■  glia  ™l.  1»- 

eoatt  mllkji  :— 


A  drop  at  E^rgO)  lolutiun, 
llelJ  fnlhe  tulie  upon  Ihe  end 
□r     1    Klau     Rid,     beconiea 

PnHnoe  of  Bidpliiti. 


Sa.  ■Uw  SO,  s^t  1 


^Fetiil  Hiall,  |    '  Ini  of  (StorlMT 

A    •!l|i    D(  mter- 

wltU  HUuiLiae  •.>. 

liltlon   ol    PbAs, 

uid  lielil  In  thE 

tubr.     Is    bliuik'     rmaiufl  of  Efpo- 


939.  Add  8  little  strong  H^SO^  to  a  fresh  portion  of  the  Bubatanee, 

Baults  I'nuratrated  Ijolow  occurs:*  if  none  of  them  ia  noticed,  pro- 


pteunofl  gf  ouoride  0 


CeiylniiiMory.  —  Mold   In    the  |  Cpi\/LnHaiorg.  ^  Dtoii    ln( 

fuowi  ■  hUu  rod  niolatiiunl  ,  tlia  idd  wine  >in>ll  piec< 

with  >  loluUaii  ul   AgNOi  of  Cu,  reddlth-brown  si 

uldlfled  *nh   BNOt-    'I)"  Ii  oyoIthI  :— 
■^Lndon  on  the  nxl  beiuHuifH  | 

mllhir :—                                   1  Fmorn  of  Nitnl*. 

Prsmin  of  Chloride.  CutiDtni  by  jmr  $37. 


P»K 

■nooofCUinM. 

of  (he  cold  (olntlCD  ol  Qm 

Ik*  dropi  of  ilUuU  iadtsa 
•..Kitl'iit,  th«a  pua  imSa 

940.  Fluoride. — After  tlie  tul>e  which  contains  the  strong  H^SO^  and 
the  liquid  into  a  [wrceiain  dish  for  the  teat  in  parnf^aph  941.  Biuse 
and  dimmed ;— Presence  of  Fluoride  ia  shown.     If  the  preaence  of 

941.  Borate.— Add  alcohol  to  the  liquid  in  the  porcelain  dish  trons 
alcohol ;  if  tlw  Hume  baa  a  greenish  tinge  it  shows  the  Presence  of 

*  If  Pb,  Da,  Sr,  or  Ca  ia  preaBnt,;the  addition  of  H^O^  will  esnse  a  precipitate 

t  It  is  best  tu  compars  this  amell  wiOi  tLat  which  is  evolved  when  KaA  U 

Kunewittt  fragrant  BnteU  of  etLer  when  it  ia  heat»d,  Rud  tbia  niglit  le  miaUken 
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P  and  observe  the  effect  wliicli  is  produced ;  •  then  lieat  to  boiling  : 
!■  or  by  the  evolution  of  a  characteriatio  emell ;  boo  below  ; — 


I 


3.  KHiljib-bnnn  fluui  an 
■nlred.  whlcb  am  limit 
ttuXts  Hen  hy  InokliiK  aowa 
UiB  tntn  Bl  vhlte  pupur. 

Wnen  ■  llule  enjd  dUKli 
H^n,  iin<l  PiSil,  •ohilt'oi 

Of  Uw  urlglruil  luU' 
deep  browii  Iliiuld 


E  well  by  shaking,  then  heiit  gently,  and  note  wlietlier  one  of  the 
Bed  to  paragraplis  940  and  941. 


GEIIEBAL  TABLE  FOB   DETECTISG 


[m2- 


GENEEAL  TABLE  FOR  THE 

942.  II  tViB   metal  Iw*  not  been  ileiected  in   the  Pi-eliiirimty 

jr..u|)  il  beiougB  [see  Tdbie,   par.  931],  and  then  trying  special 


A"i«n  of  ib.".->iuti™ 

ThjtrrueLplUW  mBT 

'■"As-K.ii'ues^''-"" '»-'<"■>■■'"'' 

To  ■  Fwh  rortitm  of  Ih*  BglDr 

PbO,-    ,, 

Ft*-     ., 

■nil  niia  Aaiami  a. 

3l.!S-»ellc.w. 

ahj.v-o'Meo- 

lf«,tHO)r-n>.l.li.h*fo»o. 

Tol-yi  IL  |M()              ^ 

(     Id  On  Hr- 

o  T01!  Gknviial  Tahi 


943.  If  the  liquid  is  Ventrml  or  Albaline,  a  porliau  of  it 
just  acid  by  slowly  JrojipiUf;  in  dilute  HNO,  (628,  629). 

If  this  produces  no  precipit*le,  or  11  prtfi[iilalB  which  disaolvea  when 
TUor«  BNO,  il  added,  mother  [>artioD  of  iba  Utjttid  is  enoiiaed  bjr  ths' 
above  Table. 

If  a  precipitate  forms,  auil  ia  not  diBBotved  when  more  HNO,  ia 
ai!il»d,  it  niAy  contriiit  cilhor  of  colourlao  RelMinona  H,SiO,  from  « 
rilieate ;  or  of  Bualy-diriiled  S,  wbicb  ia  prtoipitatcd  vltHe  from  ft. 
polyaulphidu,  and  yal/oHi  froin  a  thiaaulphoEe ;  or  of  BaO^  or  m«ta< 
stamiic  acid,  or  31>,0,  (lUl  whito).  It  may  aUo  possibly  be  SaS^ 
Aa^  (both  yellow) ;  or  Sb^,  (orange-red) :  these  su!p1iiiiea  are  pre- 
cipitated from  a  flulpboataunate,  a  aulpharsenate,  and  asulphantiuiaiuta 
reBpBCtivflly. 

is  H^iOi  seiamilaa,  it  ia  beat  tu  evaporata  tlis  addiHed  aoliitiev 
quit«  to  dryness  aud  then  beat  tba  reaidue  wilii  dilute  HCL     If  an. 
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EXAMINATION  FOK  THE  WETAL. 
Examination,  it  is  must  mpidi;  Fuund  by  nacerUiiniag  t 
nber  of  the  Group. 


teats  fur  each  i 


nl  to  It  (94«J :  tbe  tl<|ul(l  l> 


ilutwl«llcleUlierMOU[»dit.uliiUnw(9jfi.J  4:m9.S.«),  iiitll«H*lM«,  V'l.),  i  111 
(•ajhubfrnlonnd,  ■ti.lKymimtherpBrtof  thoorKTliiul  solullun  wIlOU,  evBpori 
ruldaB,  uiil  alaulTs  1(  nlWD  nwl  In  diluU  HCl ;  muir.  U  nectau&ry,  ttum  SlOa  (591). 
eou  ol  AmHO. 

tadlole  by  tlu  KboTa  treiitineiit  don  not  Unil  Id  the  ntlafBctnrr  det«llon  n[  (I 
If  cbromatc  li  pieiont  (e4«),  It  nHJ  be  ucueHiU7  tofToagcd  ulsOlrNled  In  pir.  gOi. 
Iiuiwnduc«d&  prwlultnte  and  tba  aboie  ■ald-raiUiilH  are  nut  pTBHnt,  ■  tew  ilmpi  ol 
■dddd  to  lonie  AmU\luU,  and  Kiirmcd :  If  11  fellan  ijrfcl]ilMte  funiii,  Indlcatlog  tba 
procend  to  pur.  (6i. 


IVi  Uie  wme  iHut  of  (be  auliUIen  luU  ■  lew  dropi  ol  Amfi,  or 

[AVi.— BrloreADi^tiaddedtbeliiiuldinii^b   " 

loDtt  time  In  iporoeUUn'dMi  lulurBlBlgB  1 


LSWi.-BefarnAiUiaii  added  IbelJiiuldmiij  lie  Wiw.sboirtnjoriwtnwi!^*!,  or  tiotof 

. ......._^^.  o  «  .,,...-.. ■'■•.iHuctpltaledbr  boiling  the  liquid  lor  « 

li  added.] 


Nto-blac: 
OoS—     ,, 

ire.*-    ,. 


■oluUoD  add  AingCO]  ;- 


he      precipitate 
BaCOi-irhUe. 

Siamlne  Tor  Oie 


w  metal  itUI  preaerit 
najb^HB,.  Na,  K: 

letected  alrtady  li 
Be  l^atimlnaiy  El- 
mlnatloD  by  Teitt 
.  a  U.  <p»r.  mSX 


atanee  is  probably  un  acid  (937i  H-)- 

insolulile  residue  ri'niains,  tliia  coiiQrtns  the  pi  eseoM  ar  >  ailifatc  Tlie 
Tctiiltie  U  filtered  olT  aud  the  Gttnitc  is  tested  for  tbo  mutal  by  tie 
above  General  Tabla. 

Any  other  sabstancc  which  remainii  undiBSolved  by  the  diluto  UNO, 
U  filtered  oS'.  It  amy  guDsrally  be  recognised  by  its  appeannae ; 
"^1  becDines  ytltotp,  and  ShjOj  orange,  when  it  is  moiBtened  with 
H^  water  :  metiatnnDic  acid  becomes  ^Iden-yellow  whett  it  is  Tiioiat- 
ened  with  SaCI,  ttohitinn. 

944.  Any  Change  which  ocduts  on  the  Addition  of  HOI  shoaU  be 
rareFully  iiot-d.  Hmb  may  be  erolrcd  nnd  ret'o^uiiird  by  the  atntenient 
given  in  paragraph  93B  ;  a,  ytlloui  solution  iiiny  become  reddiah-yeitate, 
auil  [his  uliDngi-  rendiirs  probable  the  preeencij  of  a  neutral  chromate. 

945  Before  E^  U  added,  the  liquid  miut  be  heated  ;  and  !f  m 
amelL  of  tJl  nr  of  SO,  'a  crulved,  or  a  rtdiliah-bcowu  gas  is  pen-eived, 
tho  aolutiun   tpi   boiled  duwn   nearly  ta  drjooBa,  then  diluie-HCl  is 
added  iiud  H,S  is  piiasdd  into  the  aciJ  solution.     Gelatiaoiu  B.^^^  J 
7  tupirate  during  tho  procrta  ol  eva^:tU.\<»i  V<)iV£V 


310  UETKCTIOS  OF  METALS  1>J  SIMPI.E  SUBSTANCE,  [946,917.]    , 

946,  Tha  FoUoving  ChangM,  which  occur  on  the  gradual  addition 
of  HJB,  are  noten-orthy.  If  the  precijiLlate  U  tehile  at  Etst,  then 
brmoH,  mid  iit  Utt  blofk,  the  preaenra  of  Ek"  i»  ahowil.  Ir  the 
«'i1utinn  i»  ■tranijly  icid  and  pyes  n  red  prccipiti'lr.  wh[ch  becnniBi 
blatk  when  the  liquid  in  diluted  with  HjS  water,  Ph  ia  preaeiiL 

A  separation  of  tehiU  sulphur  mny  occur;  if  it  i«  accompanied  bj 
one  oE  tlie  following  oliaiiges  of  colour  in  the  solution,  the  obange 
ihoalit  Imi  noted  duivn,  siDce  it  19  cliatactcriatio ; — 

A  f*dffii'l-i/«n'tu>  tulntlnn  clun^ng  to  paltgrtra  Indiuleiia  ferrlamlt. 


ililriiwi  or  nadi^Inl,  owl  «iauWwvi'lAH.]R  „        ininguiite. 

The  precipitate  of  S  \»  known  by  hring  pcrrectly  wliito  and  l>y  ti 
liing  through  a  filter  ;  it  need  not  lie  further  exaniinol. 

If  a  yellow  precipitate  forms  only  when  the  liquid  is  boiled,  it  may 
coniiit  of  either  Ai^  from  no  inienate,  or  StiSi  from  n  stannic  salt. 


TABLE  I.— SILVER  GROUP. 

947,  A  lehile  precipitate  forraB  when  HCI  ja  odiied.  It 
may  consist  of  AgCl,  PbCl„,  or  HgjClj.  The  precipitate  is 
either  uot  dissolved  when  it  is  boiled  with  HCI:  ot  it 
disHoIvea  and  reappcari-  iii  crystals  when  tha  liquid  is  cooled, 
showing  the  presp'iite  of  Ph. 

Let  the  precipitate  aeltle  and  decant  the  liquid:  then  b(ul  I 
the  precipitate  in  the  test-tubo  with  AmHO  : —  | 


i.  Tlie  pracjIpiUle  dou  not  rlUuolii^- 

Pnmmil/Ag. 

TKc^loUT^IhMvr^cipi. 

Conflrm  hy  ImmFtilliE 

■  brUiht  >ltp  o(  «i.ppM- 
In  >  [wrth><>  or   the  «rl- 
e\at\     >.,]iitluu.     made 
:iM  «illi  Klu.dropiot 

ConftriD  br  addlnit  eiceu 
ur  UN(i,  U>  till!  AlnHO 
•..luitun,     a      rnUkluU 

*!.(«.— Co»Kuliiled    .\gCn 
oflaii  rllwilin  only  ■liiHly 
U.  AmllO, 

tlie  Llr]Ulil,  rlTisolvlntt  llie 
clfiUta  foruiL 
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94?.  Note  lliR  Kolour  of  tlie  precipitule  yielded  by  H.jS  r — 

I    1.  TKe  prniyitaU  U  -lark  Inmn  nr  bludi ;  It  nuy  cnnillt  ol  SuS.  CuS,  BgS.  BI,S>  Fb9.  | 

Adil  pure  HaHO  in  eiceig  (c  *  (mall  qiunlitr  of  the  llniild  and  jmdjilUtte.  ur  of  U 
pitftta  ■lone  alter  dBCBntiiig  the  III] uld  <[  ponllili,  Hnd  boll  :— 


rhi  prreipitaie  dit- 

Dl  (U  Na^MUl" 
Hon  add   BCl   In 

ia  rcprccipitatea 
hdlanutliarpnrtloa 
III  thi  pnclpltate 


(ate  "(  SbsC.— ^ 
(Stannoanm). 


cipitau  doaiwi  divolct:  It  ma;  i^nalit  of  Ca3,  HgS,  V\^,,  FbS. 
ori^nat  ac4u#ion  li  Mica  ur  ffrem,  and  becomea  iiittiiiaety  l^llia  OD 

-  -' ot  AmRO^-Prtitmm  Iff  Cn.    ConOrmbytMinattvt 

"■-■-'-—'--' ■■•"""'— '—"lUrlghiluilh 


adJlllt 

dropa  o(  Hi30,  U. _... 

btada  or  pleca  of  it«1.  a  nd  fllm  of  Co  dspoalt4. 
e.  Thi  n^iadl  mtvlion  it  aeimirttu.  Trat  lu 
B|l.  Bl,  Pb  by  the  foUowlne  IpecUd  tMtB:— 


dlpplns  in 

MpanM  twrtl 


mnim 

aniuli 

n  a   brtght 

(Mar 

niHinn 

—A   IBlt  ol 

a.„ 

aUnce 

6r." 

"    \f  ™ 

To    a  porlloa    add 
B^n,      II     white 
piwlpttats:— 
frfttaemfn. 

Tho  pmenDs  o(  n> 

ed  by  adcLEng  U>  ■ 
pnrt  of  the  oriel- 
nal  aul  iiUonAniHO 
Instceu,  cbenHZ 

procLpltata  ahowi 
preadiMx  of  Pi. 


tlu  fftefpUitU  dori 
not  dUialM  :  It  la 
briiht  yc^Uow  and 
parvanileiit— 
Pretence  a/  Cd . 

The  prouncs  o[ 
Dnnedbj  ahov^jig 
thai  tha  prMlpliatB 
prudliceit     hy    Bfi 

t>oii«i"'wirh  lUiui* 


T^i  pfietpftali  dU$olHt: 


ol  AifS)  or  RnSi:  emnloa 


AiHdlfy  a  portion  with  HCl,  and  place 
In  It  a  pluca  ol  Zn  shloh  la  knnvn  to 
be  tree  (rom  Su:   Sn  li  dspoiltod  OD 


t'rtttna  ij/^  Sn'- (Stannlcuio). 
e  ilepoiit  or 
'teal-tllbe  with"!  ilttls 


ht  detached 
\iT  bolllnit  It 
— ine  HCl. 


Aoldirr  a  portion  with  atnns 
HCL  ttomene  ii>  It  aoioa 
plecaa  o(  bright  Co  and 
boil,  a  black  nim   la  da- 

Preiena  tf  At . 

A'o(f.— II  the  jfellow  pr«- 
t:lpiut«  Cunoed  br  HJ 
appearod   at    once    in    ta« 


The  precii'ilaU  ie  orait, 
ig  a  portion  ol  [ha  oi 
aiUpofpUtlniimtall. 


-It  occuloDallr  happena,  U  the  aoliitlon  liaa  not  been  aunclenlljr  dllntad.  that  U^ 
rcilillih  nreciTiiUta  with  Pb>Buiutlou ;  aacb  a  piedpltate,  bawerer,  becomea  blatk  on 
Qon.  H^waler.  
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ANALYSIS  OF  A  SiMPLE  S0B8TAKCE.      '[«»,« 


TAIiLK  Ili.A.— IHliN   nUOfP. 

940.  The  colour  of  the  precipitate,  ]>rodiipf<l  by  addition  of 
AiinJI  and  -liuHO,  will  iiBHally  itidicnte  whether  it  coDtaJne 
Fe,  A\,  Cr;  thy  foUowing  teste  may  be  laade  in  coufinnii- 
tiun. 

To  a  portion  of  the  ongiual  solution  odd  EHO  gndnuRy 
nntil  n  prfcipitnte  has  formed  (see  .Vofe  heluw  Table),  then 
add  KHO  in  excess  and  stir  well,  one  of  the  following  result* 
will  be  oUained  : — 


■■  piodiivotl  whkh 
UuOlTO    In   <u- 

tloD :  His  prH'l|)l' 
im   aOiirilDn   of 


1.  A  fvitf  green  X 
grlitlnoiu  pre-  6 
cIplt«M      (omii 

•Si[-     ■■    ■ 


Alwlnn 


miilc!  in   txitm 
■    KBO.     Add 


I  ir'"^*"" 


ER 


In  ex»ii  at 
KHO,  Uiinn. 
FiMMtg  ir  nlier-' 

gradtMllr  b»- 
Fntne,  qfri". 


I 


/^olf, — ii  a  polourliis  gelatinonB  pr*ci]iit:itL'  has  bepn  proilnciiil  \>j 
AmCI  and  AmHO,  and  ia  not  prodnced  by  wldition  uf  KIIO,  a  silicaT* 
Is  pnibnbly  iirraEnL  Its  prraence  ia  ™niimiej  by  fining  Ihe  loUd 
siibBtnnce  in  ii  bead  of  NaAuiHI'Oj  (6ool ;  pr  by  evajioracing  iIib  amd 
■olution  to  drynvra,  a  residue  inaolubie  in  acid  is  SiO,  asdmi^  ha 
^Mtrd  h;  tha  head  as  dire«t«i  a)>«r«. 


TAISLF.  III.R.— 2L\C  IIHUUI'. 

()5a  The  colour  of  the  precipitate,  produced  hy  addition  of  J 
AnijS  or  of  II^S  to  the  alkaline  solution,  will  distinguish  Zn  I 
or  Sin  from  Ni,  Co,  and  Fe,  and  will  usuidly  diatinguieh  I 
Zu  and  Mn  also  from  one  another.     See  a  and  /'  below  > 

a.  If  the  prtcipitaU  M  light  in  tolour,  add  to  some  of  the  orlgind   \ 
Boliitioj]  KHO  grnrluHlly  until  u  prccipitntu  fomin,  tlien  add  KHO  in 
eicus.    A  ichde  prcciiiitala  whioli  disHidvps  in  cxotsb  oF  KHO  md  ia 
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rovea  lliu  pracnce  of  Zn.  A. 
insululilo  in  enctaa  of  KHO 
,  is  iiltered  oS  and  exjKHwd  to 


rejireeipitntal  !>y  the  addition  of  H^S, 
v^ilt  or  brofrnUh  precijiitute,  wbieli  i: 
•nd  gri'lua)!]-  timiH  dark  bmwn  nlieii 
thaair,  shoira  thepretenee  i-fMn. 

i.  1/  th*  prec^aM  U  binri  it  will  ooniiisi  of  pidicr  CoS  or  NiS  or 
possitit;  of  FeS  ;  the  m«laJii  Nl  and  Co  ni^iy  bL-  distingillstii^d  trom  ana 
annther  bj  tbn  coloat  of  thair  solutioiis — Ni  being  (ttmr,  Cn  jiint — 
and  b;  the  coloura  irliich  thi'y  iiupait  to  tb«  bDi'a.i-bEad  {93G,  JV.). 
FaS  ia  only  precjpitnted  hero  bam  \diluii  lolucian  of  n  ferrous  nit  : 
Fe"  is  iH'St  deteL'led  bj  [uragnph  9^. 


TABLE  IV.— BARIUM  GROUP. 
P5I'  I^ip  A  loop  0'  platimtm  wire  eitliBT  into  the  oripnat 
solution,  or  into  the  HCl  aolvition  of  the  precipitate  which 
was  proiJiicoil  by  AmjCO^,  and  hold  the  wire  in  thu  Ennsen- 
flame.  If  the  flame  eo) oration  thus  obtained  is  not  decisive, 
the  continiiatory  tests  which  are  placed  at  the  foot  of  each 
column  should  be  trieil. 


AyeiimmA  ffnvnfiatiu 

Cortylrnialiiry.-Aild  Cti 
to  ft  perfeollif  nild  p 
tloQ  I't  Ihv  MCI  10 
ttiHi  ,•  prwIplMM  tor 


•  prrlei^tlj  ci.ia  por- 


lingy  oTvaQ      IJirovga 

hs  lnal(u-prlRO  :— 

Prennee  of  Ca. 

parturuieBCltulU' 

^pli.™     To'th^«"t 

»nilAm/',0.!  alrhlW 
pnwllilUle  (onni. 


EXAMINATION  FOR  THE  ACID-RADICLE. 

952,  If  the  acid-radicle  has  not  been  found  already  by 
the  Preliminary  Examination  (938-941),  or  during  th& 
Ezaminatiou  for  the  Metal  (942-946)  or  elsewhere,  it  must 
be  tested  for  as  is  directed  below. 

Since  the  solubility  of  the  substance  (935)  »"<'  the  metal 
which  it  contains  are  now  known,  much  trouble  is  usually 
saved  by  referring  to  the  "  Table  of  Solubilities  "  (1038). 

For  the  following  tests  separate  portions  of  the  original 
auliatance  muat  be  used,  and  the  teste  must  be  tried  in  siio- 
ceseion  until  an  acid  radicle  in  [c)ua<i. 


EXAMINATION  OF   A   SIMPLE  S0B8TANCE      [MS-OSS.] 


953-  Nitrate,  if  it  ia  present  in  small  quantity  ouly,  may 
have  escaped  detection  in  the  Preliiainary  Examination.  It 
is  weU,  therefore,  to  test  for  nitrate  in  the  aqueous  solution  of 
the  Bubstanoo  by  ferrous  sulphate  solution  and  H,SO^  (537). 

()54.  Sulphate, — Acidify  the  liquid,  or  if  the  atibstance  is 
a  sohd  dissolve  it,  witli  dilute  HCl,  and  add  BaClj.  If  Pb, 
Hg',  or  Ag  has  been  found,  acidify  with  HNO^  and  add 
Ba{NOj)^,  since  HCl  and  chloride  would  precipitate  any  of 
the  above  metala  aa  chloride.  A  white  precipitate  forms, 
which  does  not  disappear  when  the  liquid  is  boiled : — 
PreKencc  of  Sntphat.e, 

955.  AgNOg  test.— Acidify  the  liquid,  or  if  the  substance 
is  a  solid  dissolve  it,  with  dilute  HNO3  :  filter  off  any 
precipitate  or  residue  which  may  form,  and  add  AgNOj  solu- 
tion. A  precipitate  forms,  which  does  not  disappear  when  the 
liquid  is  warmed.  Note  the  colour  of  the  precipitate ;  and 
examine  it  according  to  the  directions  in  1,  2,  or  3  below  : — 


U  T?ii  predpilai 


Ast-l,  AaCr.    Aa.Fery,.   or 


f  Ast-l,  AaCr. 
Udu  Juit  uid 


A  i*tf  bing  prodpiUte : 


afit 


e  It/a  ^jfhocynnidt. 


The  precipitate  dluoWet ; 

Conflrm  the  prvBCDcDof  a  cyanide  in  11  portion  nf 

the   orlglliiil   •'Jutlo'i  ^J  VilJ'"^  "  ""''..I^f^^l; 


a.  Tilt  prtHpOaU  U  vcUoie,  tad  mw  ronjlit  ot  AgBr  "r  Aiil- 
Ti^it  tonie  of  t1ie  orlelniil  KluHun  lor  nn  iotlide  by  Rddlm  to  It  ituctl  Hi 
■inJ  K.NO,  lulutlon,  tlHm  uldiljing  (II  nut  Blnadj  idil)  viUi  BCl:  1 
blue  culontlan : 

FnfiuH  bJ  an  vtivU. 

If  in  Iodide  ii  not  thus  [letected,  wlil  to  anotlier  portion  or  the  ort«ltiD 
Hun  sevenl  drupa  al  Cl-waler  ;  if  llie  Ilnold  becameB  relluw,  ud  on 
(biiken  vrlth  CS,  utloun  Uut  liqulil  nddlili  brawn,  it  iboviB : 
Prttena  qfa  brntuidt. 

S.  Tilt  prtapilaU  (■  orinij'  red,  and  1»  pn-biblr  Ag.Fe^i,. 
Hake  a  portion  ot  Cbs  orluinal  tulutl.>n  ]tul  iwld  vflti  BCt,  Ibeu  u,!d 
jo/utton ;  ■  deep  blue  prci'lpUnle  rtio-Ki -. 
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Jftii*.— ir  Hg  hoa  been  foiinti,  HgCy,  iii«y  be  jiieseut,  ••veii  if  no 
precipitate  has  been  formed  on  tlm  aiiilitioii  ufAgNO^  If  HgCy,  lias 
ac>t  been  already  Joteoted  in  pangrBph  936,  and  iU  prMenCH  ts  tna- 
pe-led,  rafer  lo  paragraiili  651. 

956.  PhoBphate,  Arsenate. — AoiJify  the  liquid,  or  if  the 
euhstance  is  a  solid  dissolve  it,  with  dilute  llXOa.  Filter  if 
neoeasary,  add  a  enittU  quantity  o(  this  acid  Bolution  to 
BomB  AmUMoO,  solution,  stir  well  and  warm  gently  ; — 


A  ytUovi  precipitate  siiowa  :- 
Preieno!  i>f  Phosfhatf. 


r,  beat  t 


'f  WD  precipitate  fort 

iKiiliug ;    tLe    lurmaiiaii    di    i 

yrllow  prBd[iitate  shown  :— 

Praeaee  of  ArienaU. 


Tho  presence  of  phoBphnte  or  aratnate  may  bo  coiifirnied  by  separat- 
ing the  yelloiv  precipitate  by  flitratioD  or  decantation,  and  diMalving 
it  by  oieans  of  a  littU  AniHO.  \^  hen  AmCl  and  Up.30t  are  added 
to  this  Bolution  a  orystallinc  precipitate  will  foroi.  Tliin  is  filtered 
otr  and  washed  with  a  little  cold  water,  and  several  drops  of  AgNOj 
solution  are  poured  upon  it  on  the  Slter.  If  the  precipitate  becomea 
j/tllmc,  phosphate  ta  pri'sent  ;  if  it  beconios  troion,  arsenate  is  pniseiiL 
The  preaeuce  of  trsenats  ii  farther  conSrniod  by  the  appearance  of  a 
yellow  precipitate  (Ak^,],  when  H^  ia  [laiuicd  into  the  boiling  HCl 
solution  of  tlie  original  aubatauue  (313). 

957.  Borate. — Acidify  the  orifiinal  liquid,  or  if  the  sub- 
fitance  ia  a  Bolid  etir  it,  with  IICl.  Dip  into  this  solution  a 
piece  of  turmeric-paper,  and  di'y  it  at  a  gentle  heat.  If  the 
paper  ib  reddi«k-broien  when  it  is  dry,  and  the  colour  chonges 
to  dingy  l/rotrn  or  Ij/ue'blaek  when  the  [inper  is  moistened 
with  AmIK),  the  Presenee  of  Borate  is  proved. 

958.  Tartrate,  Oxalate,  Fluoride. — The  Acid-tadicles,  me 
«f  which  may  be  present,  are  T,  C„0^,  and  F.  If  the 
metal  already  found  belongs  to  Groups  I.,  II.,  III.,  or 
IV,,  the  examination  for  one  of  these  radicles  must  he 
commencod  at  parngruph  960 ;  if  the  motal  prei^pnt  in  K, 
Na,  or  NH„  examine  by  paragraph  959. 

959.  Make  the  solution  just  alkaline  with  AmllO,  and 
add  CaCl,  solution  in  some  quantity ;  then  shake  the 
liquid  well  and  let  it  etand  it  no  pTcc\\i\\.a\.y.  \o"!\qs  ^^  «n.w.. 
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The  PtBliminary  EKaminatloi!  (939,  940)  will  have  indwal 
already  which  of  these  Acid  radicles  is  present :  it  ia  th« 
fore  possihle  to  decide  which  of  the  three  columns  bclo^ 
miist   be    used   for   ilie   further   exnrai nation    of    the 


^luiia.Meprc$iacttfai 


I.  Dscaat  the  llriold  bam  the 
preclplliiio.  »dd  alitlli'  waior 
■nd  ■  alngle  imp  jf  AniBO. 
drop  in  B  101*11  DtypM  ol 
AiSO,  ud  Ksrm  Terr  oire- 
Iml]';  It  iDiiTor  li  lorrned 
below  tha  eryitkl.  ^rrtenet  ttf 

■olBtion  bf  twr^  *gl  >%4. 
1.  Oq   uldlfying   lunic  ul  Ilie 
neatnl  original  ■nlutinu  vttli 
BA  uul  aildhiK  iloohal  *nil 
EJ,   (SniM    S   or   Na,  hill 


me 


IDE  wime  at  the  ariglBBl 
iul>itauco  wlUi  MnO,  anil 
H^O..  md  t™iiog  fur 
CO,  8^«7»)  ;  or  lU"  f« 
llllering  ofl  ud  dryint 
taaa  at  the  sliuie  pm^l- 

IfCDitlni:  It  snd  "totinB: 
^^.  ur  on.ta 


of  thap: 
or    nf 


fllterlni 

.li^twua 

t     Hdld, 
II  cup  at 


960.  An  oxalate  or  fluoride  of  Ba,  Sr,  Ca,  or  Mr  will  have 
beeu  already  detected,  A  tartrate  of  any  one  of  these 
metab  is  found  by  gently  heating  the  finely  powdered  sub- 
stance if  it  is  solid,  or  the  neutral  solution  if  it  is  liquid,  witti 
verijiiiJult  AniHO  and  a  crystal  of  AgNO,;  the  fornm^on 
of  a  mirror  shows  the  presence  of  a  larirale.  Tf  a  mstAl  of 
Group  I.,  II.,  or  III.  liae  been  found,  the  metal  muat  be 
separated  before  the  auid  rudicle  is  tested  for. 

If  the  metal  belongs  to  Group  1.  or  11.,  make  the  original 
solution  just  acid  with  HCI,  and  either  add  H.jS  solution,  or 
pass  H„S  into  the  liquid  for  about  five  minutes.  Filter  off 
the  precipitate  and  add  more  H^R  to  the  filtrate  ;  if  no  more 
precipitate  forms,*  boil  the  liquid  in  a  porcelain  dish  until  it 
ceases  to  small  of  HjS,  and  ejtamino  the  liquid  hy  par.  959. 


*  If  anj'  Turthcr  preci[iitate  foniiB,  add  more  of  the  ci'ageiit,  filter, 
mill  teBl  sgnia  lij  Sliding  more  of  the  renp:at  ;  thin  aJditiOQ  of  reagFot, 
Gitrutioii,  mil  IsHtiiig  the  filtrate  ia  repealei!  until  no  (Uitbor  piooipi. 
Utelonae  when  the  iifigent  is  added  tQiiti  to  the  lUtnti. 


[gat-W.]  FOK  TIIS   ACID-RADICLB. 

If  tho  metal  belongs  to  Group  III.,  add  AmCl,  ami 
AmHO  till  lliB  Litjuid  ia  alkaline  ;  llien  add  Am^S,  IxiU  and 
filter;  now  add  more  Am,.3  U>  tiia  fUtcute,  nnd  if  no  more 
procipitiite  forma  (see  Footiioto,  puga  31G),  add  HA  in 
excess,  boil,  filter  ofTS  if  necessary,  and  examine  tho  litiuidby 
paragraph  959. 

961.  If  no  Acid-radicte  cni  be  found  in  any  quantity 

and  the  substance  is  not  metallic  in  appearance,  it  is  probably 
«n  oxide,  hydroxide,  or  pRrhapa  a  sulphide. 

Most  sulphides  yield  sulphate  when  Uiey  are  boiled  with 
strong  HNOj ;  the  sulpliutu  may  be  delectBd,  after  the  acid 
has  been  diluted,  by  paragraph  954. 

An  oxida  may  often  be  known  by  its  colour  (93ZI,  or  by 
some  char.i  uteris  tic  test.  Thus  bUck  MnU.  may  be  identified 
by  evolving  CI  when  it  is  healed  with  HCl,  and  red  PbjO^ 
by  leaving  brown  PbO^  when  it  ie  truated  with  dilute  HNOa- 


I 


EXAJmSATIOET  OF  GBOITP  m.A. 

gfe.  The  Precipitate  in  Group  m.A.,  which  haa  been 
produced  by  the  addition  of  AmCl  and  AmHO  to  the  original 
Acid  solution  of  a  sutelance  which  is  iosoluble  in  water,  may 
consist  of  A1„H„0«,  Fe^H,/)^,  Cr.^H^Oa;  or  of  Fe,  Al,  Cr,  Zn, 
Mn,  Ni,  Co,  Ba,  Sr,  Ca,  Mg  as  phosphate  or  oxalate ;  or  of 
Ba,  Sr,  Ca  as  chromate  or  fluoride. 

The  Systematic  Examination  of  a  precipitate  in  Gronp 
III. A.  for  theae  aabstances  is  usually  only  necessary  when  a 
phosphate  has  been  detected  (942),  and  occasionally  when  an 
oxalate  (939, 5),  a  chromate  (946),  or  a  fluoride  (940)  Ls  present. 

If  a  precipitate  forms  in  Group  III.a.,  and  the  above  acid- 
radtcles  are  absent,  examine  it  by  paragraph  949. 

If  one  of  the  above  acid-rodiclcs  is  present,  the  metal  must 
be  tested  fur  as  is  directed  below,  unless  it  haa  been  already 
detected  with  certainty  during  the  Preliminary  Ksaniination,  or 
by  the  ordinary  procedure  given  in  the  General  Table  {940). 

963.  Note  the  ^pearsnce  of  the  Precipitate  which  haa 
been  produced  by  Am'.'l  and   AmWO  ■.  \.\\ci\  aAi  Kij^^  ''^ 
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tlie  liquid  and  jirecipitate,  and  stir  well.  According  to  tlu 
appearance  wliich  tlie  precipitate  now  presents,  proceed  t 
examine  further  by  paragraph  964  or  965. 

964.  Th'^  Precipilah',  aff&rVie  Addition  of  Am..S,  it Blaek.'^ 
— It  may  coniuBt  of  FeS,  CoS,  or  XiK,  The  raeana  of 
distinguishing  these  three  metais  is  given  below.  Note  first 
the  colour  of  the  origirml  solution  (937i  !■)■ 


a,  TAj  eokiur  «/thi  or 
ffinal  aoluliun  vt 
tfd/iTiD    or   re4ditt 

iFurHcum.) 
Thia  1>  eonAnntd  t 


nasi  •alQlion  hk>- 
uig  been  vale-ytlliu 
or  TtMuh  -  6rvwn, 
mi  beconilna  black 
on  iddltion  oi  Aiii,S. 

■dil  to  B  portion  nt 
th.  ortglnml  wlu- 
tlon.  aoMlOed  witb 
BCl  it  DccctuiT,  t. 
few  drops  of  ILC39 


•ddtng     ei- 
cenolKUO 

ul  tolutlon. 


IwUlngahoi 


lycT''*' 


htti       </^. 


It  eriginal  •oIhNmi 


Note  (he  eRMt  »hk 


ThB     prttOBCO     of 

flrmiid  by  addtng 
elceti   of    KHI> 

ori^Ml»lulioit 


1 


965.  The  Precipitate,  after  the  addition  of  Am.;^,  i*  White 
or  LigJU-eoloured.— It  may  consist  of  Cr.(HO)s,  Al.(HO)|,, 
ZnS,  MnS ;  [or  of  BaCrO^ ;  or  of  Ba,  Sr,  C»,  Mg,  as  phos- 
phate, oxalate,  fluoride,  silicate,  or  possibly  borate].  Tlie 
substances  in  brackets  can,  however,  only  be  present  if  the 
liquid  given  for  analysis  was  acid  tn  reaction,  or  if  a  solid 
was  given  which  was  insoluble  in  water  but  soluble  in  acid. 

To  a  small  portion  of  the  original  solution  add  IvHl)  drop 
by  drop  until  a  precipitate  is  produced.  (See  Note  below 
the  Table.)  Observe  the  colour  and  appearance  of  this  pre- 
cipitate, then  add  a  larger  quantity  of  KUO  and  stir  or 
shake  the  liquid  well.  One  of  the  following  results  {a  or  6) 
vUl  be  noticed;- 


I[r«.l 
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a.  The  predpitale  at  first  jrrodueed  by  KHO  re-ditsolvea  when 
the  KHO  U  added  in  larger  quantity;  indicating  the  pre- 
sence of  Al,  Zn,  or  Cr.  Note  the  appearance  of  the  pre- 
ci|>itate : — 


A  pail  jnrn  iTvccuIrnf  pmslfi- 
Pratnao/Cr. 

Conflrm  Ytt  Ixtllliui  moan  Ot  the 
smn  KHO  •olnlloa  with  leiul- 
pcroildii  (PbO,),  ■  yellow  llqald 
b  obUmed.  wtilcb.  If  aimuiUd, 
jrlelila  «  yellow  preolpiuta  on 
■ddlClOB  of  HA  In  exceu. 


NaU.—U  (he  Cr  vu 


rtoldwl  uonnclpltnte  :  bat  than 
wOl  hin  been  a  grwn  iireotpl- 
tue  OD  oddlUon  ol  Amfi  ud 


not   rs-pnotpl- 

tlon  ol  AmCl : 
Pmmaqf  Zn. 

lonflrtqect  by  no 
pnclnlUl«  hHV' 

a  wliltr  prenlpi- 
tloD  or   Am^, 


I 


tloD  tnrKi 
»  at  R^ 


I   ^HO 


tiru,  u  alia   piwliil- 

i.MidbiulnbUioKtiil, 

but  diHen  (rom  Ai/UU^  lo  ' 
Ire  npreolpllalol  bom  t£a  K. 
M.uUgD  by  addltlaa  o[  cxcai 
ill;  U  PO,  hai  been  detcc     . 
the  analyili  U  flolibed.    A1K>, 

Uie°artgliial  liiuM    niiin  ba' 
be«n  add  or  the   oiiglnil  aolM 


FA'ott — Somfltimca  a  floccalent  precipitate  ia  produced  on  adding 
AniCl  and  AniHO  to  the  originitl  solution,  and  yet  no  precipitate  ia 
produced  by  EEO  ;  this  renders  probable  the  presence  of  an  alkaline 
■ilicate.  In  tills  cue  evaporate  a  portion  of  the  Bolatioo  In  dryness  with 
HCl :  nnriQ  tbe  residue  with  HCI :  if  any  inmiliililo  maidue  ia  left,  tbe 
pmgnet  of  a  tUUaXt  is  proved ;  filter  and  test  the  filtrate  for  E  or  Na. 

&  77i«  preeipititte  at  first  prodiiced  hij  KHO  doe»  not  rcdiMolve 
on  addition  of  mare  KHO  ;  the  precipitate  will  have  one 
of  the  following  appearances: — 

eifilalr,  raiSSlv  ifnrh'x- 
ina  vAtfn   thaJtm   In    t\f 

''7-runaafMn. 

Coft^muil  In  the  preUml- 

dudng  a  ifTeen  maaa  vrben 
tnwd  iHth  Sa^O,  and 
KNO,,  and  b;  no  predpltaU 
bavlnii  been  produced  ou 
addition  of  Amcl  and 
AmHO.  nnleai  the  •olntlon 
ni  eipmed  Inr  aooie  Uiua 


h»i_    _, 

Atna  ai>d  AmHO  aoil  lu 

allered    br    addition    of 
ADi,S:— 
Pnmut  bJ  BoCtO^  . 

Ba  hii  been  alreadj  de- 
tected Uythe  (Ume  culora- 
tl«n  (936,  MX  and  a  ohro- 
matv    Uy    the    ebange    ii( 


!      aarkeain/l^  tK  air'.-^ 

Preaenn  ol  Ba.  Sr,  Ca,  ni 
Mg  *t  phoepluUs,  oxalate, 

Taat  on  to  par.  9M. 

A'oM.— Thli  preelnltate 
can  only  be  formed  It  Ibe 
orlgtnal  lolutlsD  oai  a<:ld. 
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966.  T^fl  prreipifaie  mutj  contvd  of  Ba,  Sr,  Co,  or  Jfff  t 
pliogpltttte,  oxalftie,  homti;*  fiiorvJe,  or  ^neate. 

Examine  for  tha  metal  and  aciil-ratlicla  as  directed  below,  1 

working  tliroiigh  the  columns  from  left  to  right,  unless  tha 
presence  of  a  phosphate  (942),  oxalate  (936,  I.  4,  or  939,  5),. 
borate  {936,  II.,  or  937,  V.,  or  94,1),  or  fluoride  (940),  haa  ] 
bui'U   already  proved,    in    which    case   proceed   at   once  to 
examine  according  to  967.  or  by  the  suit&ble  column  below. 

If  thii^  precipIUte  is  proved  to  contain  a  pliospliate,  ouilate^ 
borate,  fluoride,  or  silicate,  the  further  esamiuuCioit  for  aa 
acid -radicle  becomes  unnecesEary. 


1.    Add    iDlUO    h>    ««H 

S.  stir  ■nme  ot  thg  pra. 

1.  FluBui>Uicr  pnrtloi* 

loJi|iurUo<igrilircid|i:J- 

L-I|illiite     produced    by 

dii.«l  C^'iUW.'t^ 

niU  ulaUoiit.  ailir.  diT 

AoiH.H.  cvlunni  1,  on 

thapnctplUtawJlHU 

a  Hitch  gluB,   "tth  > 

Huun  1.  Id   ■  l«d<» 

■  IBrtioBodtlomtfi^ 

dbla,  uld  tUuna  HiSO^ 

l^"n  ^ed.  IniKI  X 

Tnlnnla    oa""^ pMl^am 

Iwdi  luTbnn.  SSHi 

roiL 

Plsce  tbc  foU  in  ■  t«t- 

csr,f.''c£". 

tUto  mud  pour  «   bo 

SSSr-.Kf.llffi 

drop.ordnue.HCI  upon 

irtthanilnorwiuuid 

It;  If  til.  r«Lduc   dte- 

bu     had      clanctan 

lulin     with     tBrryn- 

tnical   wUb   ■    diaq) 

»BCB.     It     riluwi.      th. 

point  tlir..Utfll  Uie  wax 

pr<M.i«<U-ui«>iJata. 

i6i«K     H"     ulu*    ki 

JVwnci  itT  a  (vrota. 

TMt   mil  Ha    unlutton 

r^f  B^  ar,  Cn.  Mg.  b/ 

Euuuiw   lor  (IM  mstai 

tM,      D'Ine  it   u    tl>c 

|>nuut  lij  «««. 

£u>uii.B  r.>r  !).«  metal 

SFlgJnoI  •oIuIImU. 

Un  borate  l3  not  found, 
ItfoKedtocalnniaS. 

prowut  bj  9*«- 

If  tl.o  lenllPl  iirecipllMe 

U  nu  flDurida  t>  (oDod. 

docs  nut  dlnol^  wttta 

t«E  for  .  sm,>t<  bT 

S'iST  -  •■ 

pm-iKSB. 

gCfj .  ExiiTninaiion  of  a  pkasphaie. — Add  to  a  portion  a£  I 
tJie  cold  original  eolution  AmHO  drop  by  drop,  whilst  coi 
stoutly   shaking  tlie   liquJil,    until  a  slight   precipitate 
fiimied    which  does  nut   disappear  on    stirring ',    thea   ttd 
HA  and  NaA  solution,  and  drop  in  Fc^Cl^  nutil  the  liqaiAfl 
after  being  well  shaken  has  a  hruwii  or  red  coloni;  boil  uuKT 
filter  immediately.     The  precipitate  is  thrown  anay.      Th>  ] 


iu  tlie  AmCl  funned  oi 


and  Ca,an  nctlj  pndiiltiitsdiiiaruup 


I  II  a  lolld  ll  being  ouDiined,  ■  portion  of  lite  orlglnitl  lolld  li  employed  It 
tMa  tsit,  iDiteail  nf  Ihn  pnclpltaU  prCKlu<:ed  b;  AnillO  in  the  BL1  Hilntlon. 
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the  filtrate.AmCl  is  added,  tUea  AmHO  in  small  excess,  and 
the  liquid  is  boiled  and  filtered  :  tlie  liquid  or  filtrate,  which 
must  smell  strongly  of  NH^j,  is  then  tested  for  Ba,  Sr,  Ca,  and 
Mg  ((M2). 

JVofc.— If  aQ71>reci|)itttU  is  rurmedbjAiUgCO,,  it  must  tw  well  washed 
ti'veral  times  u-itti  boiliiig  water  in  oriivT  to  prevent  the  colontiou  of 
N»  from  nmVing  th«  of  Ba,  Sr,  or  Cu.  Thia  risk  ia  a»oid«t  l>y  wbsti- 
tulio^;  AnA  hi  N>A  in  prraipiuting  th«  phosiilute  rudiele, 

Erplaiialion  e/the  Stttkad/ar  EraminaUen  »fa  FhotfhaU. 

In  order  to  detect  Ba,  Sr,  C«,  or  Mg  present  as  phoajihaU,  the  PO4 
must  be  removed  (ram  the  Eoliitioii  and  the  metal  left  uoblorido.  ^iJi 
ia  eff-cted  by  noutralising  all  HCl  and  leaving  UuB  aolulion  acidified 
only  Ijy  fieu  UA  ;  by  addition  of  Ff,C1,  in  alight  excess  and  boiling,  all 
PO,  U  precipitated  aa  F1.-PO,  wIii'Mi  though  solable  ia  IIOl  ia  perfectly 
insolnlje  in  HA.  Uu  lUtL-ring,  FePO,  remaEna  npon  the  Alter,  and  the 
filtrate  contains  the  metal  (Ba,  Sr,  Ca,  or  Mg)  as  chloride  together 
with  a  tittle  Pe,  bnt  is  perfectly  free  from  piia(pl»l«. 

968.  Examination  of  a  borate,  fluorida,  or  mlicale. — A 
jwrtion  of  the  original  suhstnnce  ia  placed  in  an  evaporating 
basin,  which  is  thfn  nearly  filled  with  dilute  UCl,  and  the 
liquid  is  entirely  boiled  away  ;  the  dish  is  once  more  filled 
with  acid,  and  aguin  evaponted  to  dryness  :  the  residue  in 
the  dish  ia  then  warmed  with  dilute  HCl,  and  filtered  if 
any  residtie  is  left : — 


I 


Solutim 

theHClsDlctioci 

eiau 

ned  for 

Residue 

ifpnTreai.  1 

B«,  Sr 

Ca.  Mk  by    M3. 

Ihin 

bemg  treated  as  is  then;  dir»eU'd  for  t!i» 

■olubl 

la  HCl,  it 

original  solution. 

provea 

Pnxnct 

</a«ifa^ 

n  of  the  •preeta. — The  eraparntioa  to  dryneiB  with  HCl 
r*mo»es  H,BO,  and  HF,  which  volatilise,  whilst  3i0,  i*  left  Inaolable 
in  HCl  Bud  theri^fore  reiuaim  as  an  insoluble  powdvr  on  afterwards 
warming  with  HCl ;  this  residue  of  SiO,  also  remnina,  however,  if 
HF  wai  present,  being  cauaod  by  the  corroaiou  of  the  ilisU ;  aince  how- 
ever UF  if  preaent  hu  already  been  found,  no  notice  will  llien  ba 
taken  of  the  residue. 
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THE  SUBSTANCE  POSSESSES  METALUC 
LUSTKK 


969.  This  shoivs  the  probalile  absence  of  an  acid-radicl& 
The  only  non-meUUic  elements  likely  to  ba  present  are  fre* 
aaibon  as  graphite,  free  ioJine,  or  combined  sulphur,  eincs 
several  sulpliiJes  are  decidedly  metoUio  in  appearance*.  The 
presence  of  tlie  melals  Ni,  Co,  Fe  in  the  free  state,  and  nf 
FsjO,,  may  be  shown  by  tlie  substance  being  attracted  by  a 
magnet.  Pb,  or  graphite,  will  be  recognised  by  marking 
paper  when  nibbal  upon  it,  as  a  black  lead  pencil  does:  tha 
mark  due  to  Pb  disappears  if  wetted  with  dilute  HNO,, 

PnKLIMlSART    Ex> 


Infemua. 

L  Healii-flionof 
the  aabiUocs  In 

1.  A  black  liutroiu  mliror  forma 
wh™  healed,  to  brown  d^pa.       . 

%^Uuni,.nb1n.;.enil™.^ 

PreaenceoTAl. 
Praaenca  ot  S. 

PreaenceotL 
■cut. 

n.  Heat  ■  porUoii 

pipe  flame  In  a 
cayity      acooped 

I,  SmeUofgirlis         .       .       .       . 

2. 11  an  incnutaUon  (orroa,  re(*r  to 
pw.9i6,V..whBrelnlheaecondand 
third  oolamu  will  be  fouod  the  ap- 

metal  whoae  preaeace  It  Indlcatea. 
3.  Smell  ot  buning  anlphnr 

PnwDMOIAa. 

at  the  aii&tanc« 
InaplKOOlhaH 

heac'  11  alitiuil'). 
b)    the    B<ti»en 
Sanie,  and  after- 
wirda     In     the 
blowpipe  dame  ir 

end  which  amella  of  liiirnlng  aul- 
phur  and  tnrtia  a  piece  of  Dlter- 

bnt   alowly  awar.  glowliig   when 
toll  bj  directing  lbs  blowulpe  Hams 

Preaoicaars. 

*  Tha  moat  common  aulphidet  which  poaaesi  metillia  Instra  ara  coppar 
pj/rUet  and  \ron  pyriltn,  which  resemble  bmss  in  appearance  :  aud  galena, 
«bkli  roiemblaa  lead. 
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After  the  Preliminary  Kxamination  has  been  completed, 
proceed  as  is  directed  in  paragraph  935. 

Sulphide,  Phosphide,  ArBenide.— No  acid  radicle  need  bo 
tested  for  except  S,  P,  and  A»,  which  nre  most  easily  detected 
after  they  have  been  converted  into  acida  by  oxidation.  A 
portion  of  the  finely. powdered  aubstanco  is  accordingly  dis- 
aolved  in  strong  HNO^,  and  this  solution  'm  diluted  with 
water:  II,SU^  is  then  tested  for  by  BaClj,  and  Il^PO^  and 
HjAsO^  by  AmHMoO^  (956). 


THE  SUBSTANCE  IS  IN.SOLUBLR  BOTH  IN 
WATKH  AND  IN  ACIDS. 


970.  An  Insoluble  Substance  may  be  any  one  ot  the 

following.  Those  included  in  brackets  are  less  likely  to 
occur  than  the  others,  since  they  dissolve  when  they  ate 
heated  with  sufficient  water  or  acid.  As  will  be  seen  baiow, 
the  colour  frequently  servea  to  indicate  what  substance  is 
present. 

1.  While:  BaSO,,  SrSO„  (CaSOJ,  PbSO^  {PbCy,  AgCl,* 

SiOj,  ignited  AI3O,,  SnOj,  ShjO^.  Hh.fi^,  (JaF^. 

2.  Dark  roloared:    ignited  Fe„Os  (dark  brown    or  black), 

ignited   Cr^Og  (dark  green  or  black),  FeCr,Oj  and 
ignited  PbCrO,  (dark  brown),  C  (black). 

3.  YdlofO:  S,  AgBr,*  Agl,»  (Pblj). 

i.  An  insoluble  silicate  may  also  be  present. 

For  a  fuller  description  of  these  substances  refer  to  para- 
graph 1074. 

Eiiimirie  llie  siibstance  by  p-imgrajih  971,  973,  or  974. 

971,  The  Substance  is  White  (970,  1).— If  sufficient  sub- 
stance is  available,  try  the  following  preliminary  tests 
(I.-IV.) ;  if  not,  proceed  at  once  to  paragraph  972. 

I.  Pout  a  drop  of  AmS  "l^n  a  small  portion  of  the  sub- 
stance. If  it  blackens,  the  presence  of  Pb  or  Ag  is  probable  ; 
if  it  becomes  yellow  or  orange-red,  the  presence  of  Sn  or  8b 
IB  probable.     Pass  on  to  Test  IV.  in  the  following  Table, 

If  no  change  of  colour  is  produced  by  Am^S,  try  Tests  II. 
and  III.  in  the  following  Table. 


I 

p 

ta^                           ASALTalS  OF  A.  SOfHX                          [BTL; 
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«ul»Unca,  mli«l  with 

tached  (rom  Die  eliar- 

Ki^,  In  One  powdor. 
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^H 
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^H 

Whlb-incMIUanuII«Ua 

^H 
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^1 
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^H 
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Al»  I«ka  a  globuta  on 

tate  5lth  UgC\,' 

('r,«n«  o/SbO, 

Ifta  point  of  awnknlfa 

Willi.     Dietafllc    irOllj 

(lohuloa,  which.  11  ills- 

u'bU^  le^thiei.'*'"' 

Klvad  in  bollioK  HCl. 

clp'tJtortlhff^:  w^ 

While  Kalaa,  so  lamil- 
IMlon:     tb«    maul   ia 
ininlnbia  in  HCl.  and  If 
dlaiolvedlsHNOiSlTn 

lo^ual    nilMtaDaci     li 

rranKO  B/Sb,0,irr  Sb,Ot  - 

1 

Ulnohul,     on       being 

^H 

Pmnw  V  J»CL    P»>- 

^1 

Aoid.— BoU  Bome  of  the  suUtance  with  much  water,  ndd  HNO,  uaA 

^1 

AgHO„  B  while  precipilBlc  »ho-«i,  praence  of  PbCl, .                                      ^H 

Test  for  chrouiHtc  by  fusing  in  a  poivplain  emdlile  vith  Ni,CO,+        ^^M 

K,CO,;  «yflllowmaMoacooUng«lio»ij.rf»m«D/P4(7i-0,.                         ^H 

The  prerenM  of  PUSO.  niny  be  proved  by  E.^,.  UI. ,  and  by  ponnag       ^H 

npon  the  origina]  >nbaUi"'<^  >I,T  tbm  cxct^  of  AaillO,  anl  iioilliig :       ^H 

[Bl]  IKSOLUBLK  BUBSTANCK.  325 

tbanfltariDg  if  necesMr;,  acidifying  ■  portion  of  the  (Arts  Hilntlon 
with   Bk,   and   adJiiig   K,CrO, ;   a   yellow   precipitato    sliowg    ttw 
praena  of  Pb.      Another  [lortion  may  then  bo  acidilieU  with  HOI,  i 
ksd  if  BaCI,  prodaoea  in  it  a  whita  precipitate  insoluble  oa  boiling,  % 
prtsemx  of  SO^  is  proved. 

If  nono  of  the  alrove  substanoea  have  been  detected,  test 
tar  AtjO,  and  SiOj  by  heating  the  substance  strongly  on 
charcoal  in  the  outer  blowpipe  Uame,  after  moistening  it 
with  Co(NOg)j  solution  ;  a  blue  maag  aUowa  PrcrtTKe  of 
AljOg,  unless  tiiO,  is  found  by  the  next  test. 

Fuse  some  of  the  substance  in  a  clear  boad  of  NaAmHPO^ ; 
particles  lloat  undissolved  lu  the  bead ; — Prmejy.e  of  SiO^, 
or  eiiicale.     Proceed  to  par.  972. 


972.  Mix  a  portion  of  the  finely-powdered  etibstance  with 
four  or  five  times  as  much  fusion  mixture  {Na^CO,  -I-  K^CO^) 
on  a  piece  of  platinum  foil,  or  in  a  porcelain  crucible  if  Pb 
or  Ag  is  present.  Heut  the  mixture  for  several  minutes  in 
the  blowpipe-flame  (see  fig.  80,  1076).  keephig  the  alka- 
line carbonates  in  a  fused  and  liquid  condition.  Than  boil 
the  cool  mass  with  water,  and  filter  the  liquid :  wash  the 
residue  well  on  the  filter,  and  examine  Uie  residue  and  the 
filtrate  as  is  directed  below.  1 

(rt).  Rftnone  the  Rendun  from  the  filler  and  heat  it  with 
dilute  IIN(.>g.  If  it  docs  not  dii^olve,  decant  the  acid,  and 
heat  the  residue  with  a  small  quantity  of  a  nuxture  of  dilute 
HNOj  and  HCI.  If  the  residue  is  atiU  undissolved,  fuse  it 
again  with  fresh  fusion  mixture,  and  treat  it  as  is  directed 
above. 

Examine  the  add  solution  for  the  metal  by  par.  942. 

{b).  Examination  0/  iht  FiUiaif. — When  the  metal  has 
been  detected,  it  will  usually  be  poesible  to  limit  the  number 
of  acid'radiclca  which  need  he  tested  for,  hy  referring  to 
the  list  in  par.  970.     Tests  are  given  below  for  all  t.V«  »kA.- 
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radiolca  which  are  likeiy  to  occur  jn  an  insoluble  b- 

A  eeparate  portion  of  the  filtrate  must  be  used  for  each  teat. 

Stilplrale  :  aciilify  a  porbioti  with  HCl  find  add  BaClj ;  b 
white  precipitate  will  form.. 

Ctihmde :  acidify  a  portion  with  HNOj  and  add  AgNOg : 
a  white  precipitate  will  be  produced,  which  is  easily  soluble 
in  AmHO. 

Bromide,  Iodide ;  if  the  precipitate  produced  by  AgNO, 
lias  a  yellow  tinge  and  is  not  easily  soluble  in  AmHO,  add 
to  a  fresh  portion  of  the  filtrate  a  little  CiS^ ;  then  add 
acidified  CaCl^O  solution  drop  by  drop,  shaking  well  be- 
Itvoen  each  addition.  A  brown  coloration  of  the  CS^  showa 
a  hromilr,  a  violet  coloration  an  iodide. 

Sitirale  :  make  a  portion  acid  with  HCl  and  evaporate  to 
jierfect  dryness;  it  nn  insoluble  residue  is  left  when  the 
solid  matter  in  the  dish  is  warmed  with  dilute  IICl,  this 
proves  the  presence  of  silica  or  a  silicate. 

FlU'iridr:  aciilify  wilh  HA  and  add  OaClj;  a  gelatinoua 
white  precipitate  will  form.  Confirm  by  trying  the  tests 
in  paragraphs  940  and  606  on  same  of  the  original  substance, 

973.  The  Substance  is  Dark-coloured  (970,  2). 

Place  some  of  the  substance  on  a  piece  of  platinam  foil, 
and  heat  the  foil  strongly  on  its  under  surface  by  the  blow- 


.loir(v  Ut. 

cimiilrlrlj;- 

ThembUanee  it«i  nolftiimamp;  plue  up»D  It 
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•  FcCr,0 

sbaws  both 
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ndCr, 

[974.] 
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974.  The  Substance  is  Yellow  (970,  3). 

Heat  a  portion  of  it  strongly  in  a  small  ignition-tube ;  one 
of  the  following  results  will  occur  : — 


It  will  fvAt  and  sublime,  the 
sublimate  being  yellow  and 
melting  to  radish  -  brown 
drops  when  it  is  heated: — 

Presence  ofS, 

Note.— It  the  substance  sublimes  en- 
tirely it  consists  only  of  sulphur. 


It  to  ill  fuse  btU  not  sublime. 

Examine  a  portion  of  the  sub- 
stance for  Ag  and  Pb  and  for 
Br  and  I  by  paragraph  972. 
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ANALYSES  OF  SIMPLE  SALTS,  SHOWING  HOW 

TO   ENTER  RESULTS. 

A.  Liquid  given  Jot  analysis. 

Prdindnary  Examination  for  the  MetuL 


ua™.» 
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P-,^,..,o. 
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ttaun,    Hire   Into   the 
■olDtlon  ud  beia  It  U 
thetbune. 

9.  DlKped  >  d«r  bont 
bemd  Into  ■  portion  .>f 

SS^'"lhe"rter'i1;l 
luQiir  bloopipe  nime." 

with  .trong  Dn  »nd 

llfl^"   It  ^«"»  bi™ 
eolflntlou. 
Id  outer  Bune  the  bc»l\ 
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PraieQceolCii. 

Prdimijwnj  Examination  fur  the  Aciti-mdide. 


1  Added   itrong  B^i, 


Ho  Ku  wu  eTolTed  ' 

Andno  redlumeiDD  *i1d- 
iiig  Ca  oUppingi. 


Ditrlle. 

Al>HU«e  ol  ohl  orate,  Ae. 


ZXAMPLKS    OF   ENTRY. 


Examination  /ur  the  Mvlul. 

To  a  portion  of  the  liquid  added  HCl:— 


Adaed  Bt 


ong  H,S-wuter:— 


A  trewnUh  black  prnciiiil&te.     Preeenoe  o!  Sn", 

Hg",  Bi.  Pb,  or  Cu. 
AUontil  the  pr«ri;iLtat«  to  settle,  poured  oiT  m 

much  of  th«  liquid  u  possible  and  bailed  the 

procipitat*  with  excDss  o£  NiiHO,  it  remained 

a&diHDiri-d. 
Since  the  originn]  salutioD  woa  Uiifl,  a  draa  kuifa 

blode  wns  dipped  into  n  poition  of  it  acidifieil 

tcitfa  R,SO^  rad  copper  wa»  depouted  on  the 

ataeh— 


Examhialion  for  the  Acid-radicle. 

Added  HCl  and  BuClj;  a  wliit«  precipitate  was  produced 
wliioli  did  Dot  disappear  on  boiling: — Pretence  ofeiilphMe. 
Found  Cu,  SO^. 


B.  Liquid  ffiom  fur  anulj/gig. 
Preliminar]/  Examination  for  the  Metal, 
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■n/orthe  M<:fiil. 

Since  the  liquid  was  alkaline  is  reaction,  added  to  a 
portion  of  it  a  few  drops  of  HNOj  until  it  became  acid,  I 
produced  no  precipitate. 

To  another  portion  added  HCl,  tha  liquid  turned  from  yellav 
to  orange  red,  indicatiog  presence  of  a  neutral  chromaLe:- 


ifo 

Then  added  B^-wiUr  uid  nnnncd  :                                                            'JM 

aroup  I. 

The  liquid  b«- 

To  Mother  portlod  .^f  the  orlglnil  Ktlutioo  sdded  AnCl,  thaj 
AmHO,  no  precipl  Ute  (onnod  -.  then  Bdded  Am  ,3  lad  boiled : 

i».rtld: 

-Vo  prieijAtale  In  the  cold, 

aaccuteDtpreFipitale  er»- 
duelly  formed,  e.ldonllj 
eomtitlng  of  Cr,Ho,  re- 
ducod  fnin  tbecliromkU. 

Added  to  Mother  portion  ol  the 
tolution  AmCl.  AiuBO,  uid 
Am,CO, : 

OronpIV.          Hk,uii>tuie 

■timid  1 

Since  K  was  found  by  the  fiame  coloration  in  the  Pre- 
liminary Ejcamination,  ite  presence  was  confirmed  by  etirring 
a  portion  of  the  solution,  to  which  a  few  drops  of  HCl  had 
been  added,  with  PtCii  on  a  watch  glass ;  a  yellow  crystalline 
precipitate  forming  on  the  lines  rubbed  by  the  rod: — Pr9' 
teace  of  K. 

Fmmd  K,  Gi'O^ . 

C.  A  lekite  crydalline  substance  gloen  for  anaiyeU. 
Boiled  a  small  portion  with  water;  it  dissolved  completely. 
Preliminary  Examination  for  the  Metal. 


I 


id  Id  ■  imnU  dir  tat-tahe. 


1.  Dip|>od  >  loop  of  raoietencd  phi- 


loop  of  raoutencd  ph 


I.  Heded  ■  iniBti  portina  in  h  nvitf 
oD  wnnd  ehurcoiif  In  the  Inner  biov- 
pipe  Aame. 


Tlio  «ubitaDC«gk*e 


It  left  *  ;eUuw  rotidiu. 


Same  reault  as  iriih  S. 


Preianoe  gi  F^  8a,  o 


tTsaeaae  ot  Ae,  81 
Pretence  of  «  chic 


EXAMPLES   OF   ENTRY. 


EramiruUion  for  the  Mftal  in  Solution. 

Boiled  a  portion  of  the  powUereil  subatanee  with  water, 
cooled,  added  IICI  to  a  jiart  of  the  clear  solution,  a  white 
precipitate  was  formed,  which  disappeared  on  boiling,  but 
appeared  again  in  the  crystalline  form  on  cooling  the  liijuid 
{ProhahU  Preseiice  of  Pb). 

Conlirmed  the  presence  of  Pb  by  decanting  the  liquid  and 
boiling  the  precipitate  with  AmHO,  it  remained  white  and 
did  not  dissolve;  decanted  the  animoniacal  Lquid,  diasolved 
tlio  precipitate  in  a  Uttle  IIA,  and  added  KjCrO^,  a  jellow 
precipitate ;— /Vrsence  of  Pb , 

Sitice  a  nitrate  wa^  found  in  the  preliminary  Examination, 
its  presence  was  confirmed  by  adding  strong  HjSOj  to  the 
aqaeous  solution  of  the  substance,  and  pouring  solution  of 
FeSOf  carefully  upon  the  cooled  liquid  in  a  test-tube;  a 
brown  layer  formed  on  tlie  surface  of  the  acid: — Pnven^e  c^ 

Also  some  of  the  solution,  when  heated  with  Cu  and  strong 
lIjSO^,  evolved  reddish  brown  fumes: — Pretence  qf  NO^, 

Found.— Pb,  N0„. 


I 
I 


D.  A  tehiie  poiEder,  emitting  mi  smell,  given  for  anali/Ht. 

Boiled  some  of  the  powdered  substance  with  water,  it  did 
not  dissolve:  added  a  few  drops  of  strong  UCI  and  boiled, 
the  substance  djaaolved  completely  (absence  of  Group  L) 
without  efiervescenco. 

Preliminary  Examination  for  (Ite  Metal. 


E.ptrimcnl. 

lDlenin«. 

L  HMted  Id  i  nual  dry  teil-tubii. 

Nochuiig. 

Abumm  Dt  voUtne  Md 

\'iZiKSatiT£A& 

No  flame  c(.lor.tiou. 

OD     red     UUnUfiMpcr 
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Examination  of  ike  Solution, 

To  a  portion  of  the  HCl  solution  added  H.^S  watsr ;  no 
precipitate  -.^Altenee  of  Group  II, 

To  aaothiir  portiou  of  the  HCI  eolution  added  AmCl  ind 
Am  IIP  in  excess ;    a  white  flocculent  precipitate.      Thea  I 
added  Am,,!^,  the  colour  of  the  precipitate  was  unchanged.     ■ 

To  a  few  drops  of  the  HCl  aolutioa  added  KHO  drop  \s^\ 
drop,  until  a  white  Hocculent  precipitate  formed  ;  then  added 
excess  of  E.IIO  and  boiled,  the  precipitate  did  not  dUaoIve, 
and  it  did  not  becaine  discoloured  in  tlie  air: — Pr^xentx  of 
Ba,  Sr,  Ca,  Mj  as  pho>q'hat9,  oxalate,  ^r. 

Added  a  drop  of  the  original  HC!  solution  to  some 
AniHMoO^  Eolntion  in  a  test  lube,  and  wftrmed  gently;  a 
yallow  preci|iitate  : — tr-sfi-nre  of  Pi.\. 

To  another  portion  of  the  cold  MCI  eolntion  added  AmHO 
drop  by  drop  whilst  constantly  stirring,  until  a  precipitate 
formed  which  did  not  rodissulve;  then  added  HA  and  XaA 
solution  until  this  precipitate  dissolved  when  the  liquid  was 
well  shaken.  Fe^Clg  was  added  until  the  liquid  appeared 
red,  it  was  then  boiled  and  immediately  filtered.  To  the 
filtrate  AmllO  was  added  in  excess  and  the  precipitate 
filtered  off,  then  AnioGO,  was  added;  a  white  precijiitato 
formed  -.—Prese-rfe  oj  Ba,  Sr,  or  Ca. 

Filtered,  washed,  and  dissolved  the  precipitate  by  pouring 
upon  it  a  few  drops  of  boiling  IICl.  Dipped  a  loop  of 
platinum  wire  into  the  solution,  and  held  it  iu  the  Bunsen 
flame  ;  a  red  Bame  appearing  dingy  green  through  the  indigo 
prism  ; — Prenencf  of  Ca. 

A  few  drops  of  the  aolution,  when  they  were  boiled  with 
CaSO^  gave  no  precipitate,  proving  the  absence  of  Ba  and 
Sr.  The  presence  of  Ca  was  therefore  couBrmed  by  adding 
to  the  rest  of  the  solution  excess  of  AmHO  and  then  Am^CgO^ 
when  a  precipitate  was  formed. 

Foiittd  Ca,  PO.. 


E.  A  white  odoaHetfi  jrowiier  given  for  riTialy^. 
Boiled  a  portion  of  the  substance  with  water,  it  did  i 
dissolve.     Added  HCl  and  heated  again,  it  dissolved  ( 
pletely  (absence  of  Group  I.)  and  wvlkout  effervescence. 


KXAMI'LKS    O?    ENTRY. 


Prdiminary  Exan 

i  tuition. 

EiperlmeDt. 

ow„.a.^ 

IntennH*. 

I.  Heated  1  portloa  In  u 

Lme-wiiter  milky.    The 
naidiu!  In  the  test-tube 
enurvwced    with     HCl 

C«.«r]UB, 

IBatd  ft  portion  01  Uie 

ptiUunm  wirs  lu  the 
Buuwn   iaxae  ;   thL>n 
■noLitsoed    Hllh    HCl 
ud  tttia  held  la  <i\» 

fng  iiu*]/  i^«i  thniugh 

l>K»noe  of  Ca. 

l.Heiil*looch«i-Mllii 

A    w1dl«   lumlnnu.   n.™ 
remained.   Hhl<:li   »ti.^u 
moKtfiied    on   red    llt- 
mui   pipor  turned    It 

Prewnce  ol  B.,  Sr.  C«. 
urMg, 

Examination  for  the  Metal. 

Added  to  a  portion  of  the  HCl  solation  etrong  HjS-wat«r. 

tfopnripilate:—    To   aiiotlicr  portion   of  the   HCl   solution   added 

■      Abaeoce  of  AmCl  tlicu  AmHO  in  txceea,  a  tehilt  prtdpiiatt 

Group  II.  fama^i  tMeA  Atn,9,  tlie  colour  of  the  preaipi- 

lute  remained  nnBltcrijii. 

To  another  portion  of  the   solution  added  KHO 

drop   l>v  diop  until  a  prccipttata  fonusd,  theo 

more  kHO  and  boilad  ;  a  irhite  pncipitats  m- 

aolnble  in  KHO,  and  not  darkening  in  tlie  air  ; 

— Fraenee  of  uxaiaie,  pkoapltaU,  ie.,  of  aUcalim 

.Since  the  prcBeareof  HnoiHlnteorsn  alhsli-  oralkti- 
line  «art1i'inetal  war  indicatod  in  tbo  PrBllminary 
ExMniaatioD,  a  porlion  of  ths  original  snbstKQce 
wtLi  Keated  oD  plntinnm  foil,  then  diisolved  in 
HCl  (pffervescence)  and  lo  the  boIuHoo  cxcom  of 
AmHO  and  of  Am,CO,  «ai  added.  Tbe  WofiM 
wat  Kurmed  and  ptit  aaids  till  tlis  precinitata 
BUbsided,  thfiL  the  Hqiiid  was  ducaiiled  and  thi 
precipitate  diuolved  in  a  feir  drops  oF  HCl, 

A  platiDUBi  wire  dippd  into  thii  HCl  nolution 
gava  a  red  ftame  coloration,  appearing  diiAy- 
grten  through  the  indigo-priam  ! — PnaeTtce  q/' 
Ca.  [Confinned  by  another  portion  ol  this  HCl 
■olotiou  giving  a  white  precipitate  wiUi  excaaa 
of  AmHOind  Am,C,Oi.] 
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The  presence  of  C5O4  was  confirmed  Ly  heating  aoma  o( 
the  original  substance  with  strong  HjSO^ :  gasea  were  evolved 
which  rentlered  milky  a  drop  of  lime-water  and  burnt  with 
a  bine  flame,  showing  presence  of  CO,  and  CO : — Prtaenee  of 

FoutKt  Ca,  C.O. . 


F.  A  yeiiote  metoUie-looking  tuhttance  given  for  atwlytia, 
Prdiminary  Examination. 


I 


Eiperlmatt. 

ObwrtUloiL 

imciBDca. 

1.  HMtfd  ■  pdrtl.in  of 

A      T«tlnw      iiibUimito 

l»V.mlluIjba""!l^ 

fanned  which  Diellot 

Into  Vrewn  drop*:   it 

■lone  end. 

■meUotbumtngSwM 

the  tube  bec»niegre«i. 

PMMUceotS. 

A  brown  reildue  left 

Frubklilc  pnunei 

alt*. 

S.  BMled  •troiiKl|r  on 

IT««W9  0ta. 

Tho  le^due  luied  Into 

t  durk-wlonreU  iflo- 
•^;trongly»ttnu:led 

brthenugnet. 

Prob.ble  pr«ence 

tF. 

I.    HBated   m   InenienI 

•IronglyiamglMitube 

open   «t   boOi    endi, 

and     held     obliquely 

K.^A^^rJ™!' 

SO,trgniconibuitlo 

nuf3 

IntboHmio. 

Solution  o/subHance. 

Wanned  the  powdered  Bubstance  with  a  mixture  of  Btrotig 
HNO3  and  HCl,  it  dissolved  completely ;  boiled  down  ia  an 
evaporating  disli,  adding  strong  HCl  several  timea ;  whea 
nearly  dry,  diluted  with  water, 

Examination  of  the  solution  for  the  Metal. 

Since  the  substance  dissolved  entirely  in  the  presence  of 
HCl,  Group  I.  is  absent ;  to  a  portion  of  the  solution  added 
H^  water :— 


EXAMPLES   OF   ENTRY.  S3o 

The  Bolution  be-  To  anothi^r  part  of  the  solution  added  AmCl,  tlien 

otDurlees.  exuess  of  AmHO.  a  brown  lloccnlent  preciiiilats  1 

aoil irhite S  wa«  formvd  :  to  >  freah  part  added  eiceis  of  SHO,  1 

preelpilated  : —  brown  Qoceuleiit  pwcipilate  insoluble  in  KHO,  I 

I^vbabU pratnix       Prem-itct  o/Ft"'. 
o/a/errU  sail.     Confirmed  tlie  presence  of  Fa  by  sdding  to  a  fresh 
:>art  of  the  original  solution  KCyS  solution,  a 
'ilood-rndiulutum:  PrtxMc  of  F/' . 


Confirmed  tbe  presence  of  S  by  adding  to  a  part  of  the 
originn]  solution  BaCl,,  a  white  precipitate  formed  which  did 
not  disappear  on  boiling: — Presence  of  S0^  derived  fivn 
oxidation  of  sulphur. 

Foimd  F«,  S. 


I 


G.  A  iehite pnicder  'jiven  for  analysis. 

Boiled  a  Hmnll  portion  with  water,  it  did  not  diasolva 

BoUal  another  portion  with  HCl,  it  did  not  dissolve: 
aildod  HNO,  and  heat«d  again,  the  BtibstAnce  was  not 
dissolved.  U<?nce  tbo  substance  is  insoluble  in  water  and 
in  acids,  and  since  it  in  white,  it  can  only  be  BuSO^,  SrSO^, 
(CaSO,),  PbSO„  (PbCg,  AgCl,  SiOj,  AljOg.  SnOj,  Sb^^, 
or  CaF,. 

Poured  Ara„S  upon  some  of  the  subutance:  its  colour  wax 
onchaaged,  prubahU  absence  of  Pb,  Ag,  8n,  Sli. 

Prelimivan/  Examination, 


tiptrliiiont 

iDfcrMCO. 

powctor  up  with  I  loop 
at     moUC     pLatlDOiu 

strongly  In  tho  inner 

X\lsSSSSi 

Srofiin^"ll"'-lt£"2 

A    btuA    lUlD    DD    the 

.IropolwUir. 
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Examination  of  t)ie  eohiiion. 

Fused  some  of  the  powder  with  fusion  mixture  on  platinan 
foil :  boiled  the  cold  mass  with  water,  filtered. 

Filtrate :  made  acid  with  QCI  and  added  BaCl^  a.  wUte 
precipitate,  which  did  not  disappear  on  boiling  the  liquid  : — 
Presence  of  S0^ . 

The  remdue  on  the  _ftUer  was  well  washed  with  boiling 
water,  and  boiling  diliit«  HCl  poored  upim  it,  it  dlssolTod 
completely ; — 


I 


AbUQca  of 
Oroupl. 

to  ft  portion  adiled  itrong  U^-valer  and  heaUd-. 

Group  11. 

To  another  purtion  addrJ  AmCI,  tLsn  AniHO  la  exetat,  1 
thea  Am^,  and  boUsd  ; 

Oroap  m. 

To  another  p..rtloo  otthBorl^nal  totuttoB 
added  AmCl,  AniHO,  and  Jini,CO, ! 

A  irfiitt  precipHaU:    PrBimoii  of  Ba,  8r, 
A°p'lSio'nin  win  loop  dipped  lota  Ow 
CnE^he  Bunsen  Game'              *^ 

Fomul  Dn,  SO^ 


SECTION  vr. 


FULL  ANALYTICAL  COURSE  AND  TABLES. 


Introdactory  Bemarki.— After  tbo  ceutions  in  the  Fourth  Ssotion 
hnve  Lief  a  ttiotl,  und  I  lie  sliitl^iit  hiu  learnt  how  to  detect  thememben 
of  each  GrDiip  when  they  occur  singly  or  togethar,  eulistniiceB  which 
may  eoDtiuD  noj  membera  of  Ihs  Gronpa  ahould  be  snalyaed.  The 
■ubsUnoe  n^hicb  la  given  fur  kustyBis  by  the  fallDwioB  Tables  will  be 
eitbcT  ■  liquid  or  ■  solid.  Sumo  liiuta.  wbich  will  Btiggeat  the  method 
<if  SDftlTsiug  u  gsseous  mixture,  irill  be  found  in  paragmpb  70. 


BV  Examination  ok  a  Co.mplhx  SuBaTAScE. 


975.  Before  the  atudeut  proceeds  to  apply  tlie  whole  of 
the  Systematic  Course  to  the  niialysia  of  suhstances  of  com- 
plex composition,  he  will  do  well  to  examine  a  few  aubstances 
for  Metala  and  for  Acid-radicles  by  Uie  Froliniinary  teats 
only,  which  are  given  in  paragraphs  9S5-IOOO'  For  a 
detailed  account  of  nny  of  the  tsBts  in  these  Tables  tlie 
student  must  refer  back  to  the  doacription  which  is  given  ol  | 
it  in  Section  IV.  ' 

A  little  study  of  the  Tables  (989-IOOO)  will  show  that  Ihey 

GOnUin    certain   principal    testa    marked   thus — "Exp.    L" 

These  stand  in  the  liret  column.     In  tlic  Eiecond  column  are 

pUced  tlie  ruBultx  which  may  be  noticed  on  trying  these 

lenta;    a  glance    through    these    will  forewarn   the 

of  what  has  to  be  looked  for. 

LBin  classification  of  the  observations  which  may  be 

ndicated  by  black-type  letters;  the  subsidiary  divi- 
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siona  are  marked  by  smalt  numbers  and  italics;  and  the  in-J 
dividual  results  are  simply  plaued  in  successign  in  a  voEtioa 
column. 

Occasiouaily  an  obeeivation  is  made  which  it  is  advisablql 
to  confirm  by  an  additional  experiment.     Tliia  Coufirmatotyl 
test  is  entered  in  the  first  oulumn  just  below  the  original* 
observation,  and  is  marked   Conflrmaionj  in  order  to  dia* 
tinguisk  it  from  the  main  experiment ;  its  results  are  placed 
beaide  it  in  the  second  column. 

The  Btudeiit  should  understand  that  any  of  the  reault!<, 
whieh  are  entered  in  the  second  column,  may  be  obtaiued, 

A  few  salts  and  mixtures,  such  as  those  mentioned  in  paia^  f 
graph  1170,  should  be  subjected  to  a  careful  Prelimiu»ry  I 
Kxainiualiou  by  the  student.  The  results  stioukl  be  ua«e-f 
fully  entered,  (W  tomi  ag  they  ham  been  obtain'-d,  in 
tabular  form,  aa  is  shown  in  paragrapli  rioy. 


Full  ExAMisA'noN  op  Sdbstjhcbs  ik  Solutiom. 

976.  After  the  student  has  become  familiar  with  UiBJ 
Prolimintiry  Examination  of  solid  substances,  he  should  fallf  1 
analyse  some  easy  substances  which  contain  only  a  f  ' 
metals  and  acid -radicles.     A  beginning  is  made  at  paragra^ 

.9871  and  after  the  Preliminary  Examination  has  been  fiiUBhi 
the  substance  is  dissolved,  and  a  Systematic  Examinatioa  « 
its  solution  is  made.     The  following  paragraphs  (977"! 
give  a  general  explanation  of  tlie  method  of  examining  lh|j 
solution  for  metals,  and  of  some  points  which  require  attentioi 
duriiijj  the  procedure  which  is  stated  in  the  General  Table, 

977.  It  is  necessary  flrst  to  separate  the  tfetals  intfl 
Groups,  by  adding  the  Group-Beagents  in  such  order  t' 
each  precipitates  the  metals  of  one  Group  only,  and  leaves  13 
metals  of  all  other  Groups,'which  may  be  present,  in  solution 

This  is   efl'ected   by  adding   the    Group- Reagents  ir 
order  which  is  directed  in  the  General  Table  (1007). 


[•78.]  INTBODCCTOBY  HKMAHK8.  339 

Group  Table  in  paragraph  931  furnishes  a  cosTenieut  ex- 
pbnation  of  the  scheme  of  the  General  Tiible. 

The  Firnt  Itea;ietil  adJe-l  w  HOI,  which  precipitates  only 
the  melola  of  Group  I.,  iind  leaves  the  metals  of  (iroitpa  11., 
IIL,  IV.,  and  V.  in  solntion.  Hence  if  a  protipilate  is 
obtained  mhen  HCl  ia  added  in  excess,  it  is  tiltcrcd  ofT';  nny 
member  or  m«mbera  of  Group  I,  will  then  be  present  upon 
the  filter,  wliile  the  membeia  of  all  other  Groups  will  remain 
in  the  filtrute. 

Wlien  H.^S  i«  pfwmil  into  the  Filtrate,*  me  tale  of  Group  IT. 
atone  \rill  be  precipitated  and  ma;  be  liltered  off. 

AmCl  and  AmOff  in  arAf*^  are  wUed  U.  the  Filtrate,' 
after  the  H^S  has  been  removed  from  it,  and  Fe  has  been 
converted  into  ferric  salt  by  boiling  it  with  HNO„.  The 
AmHO  will  precipitate  any  membora  of  Group  III.a.,  while 
Group  Iir.D.  and  Mg  will  remain  dissolved  by  the  AmCl, 
and  Groups  IV.  and  V.  will  also  remain  in  solution. 

The  whlitim  0/  Am^  to  the  Filtmte*  will  then  Bcparute 
Group  III.B.  as  sulphides. 

Gro'ip  IV.  M  titen  precipitated  frum  lite  FillraU*  by  the 
last  Group- Reagent,  Am,CO,. 

The  FiUrale*  m  er.nniined  for  Group  V^  the  members  of 
which  are  not  precipitated  by  any  Group- Reagent,  and  will 
therefore  now  remain  in  solution,  if  they  were  preaent  in  the 
original  liquid. 

978.  Addition  of  Reagents  in  Excesa.— Ench  Metal 
Group  must  be  comphttl;/  precipitated  before  tjie  next  Gronp- 
Reagent  is  added.  If  any  precipitate  has  been  formed  by 
a  Groitp- Reagent,  it  is  accordingly  necessary  to  add  that 
reagent  iir  ejxee»  before  proceeding  to  odd  the  next  one. 
Unless  the  presence  of  each  rcaf;ent  in  excess  is  mnda  certain 
before  proceeding,  much  confusion  may  be  caused. 

The  general  method  for  ascertaining  that  a  Group-Eeagent 


I 
I 


ito   tbe    solution,  suppodng    no  preciptlate  to  have  beeu 
uiil  fittrattoB  thertforc  to  h>Te  be«n  i3n\i«t«eaK'^. 
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is  present  in  excess  consists  in  adding  a  few  drops  more  of 
it  to  the  clear  liquid  ;  tbe  liquid  must  tie  rendered  clear  for 
this  purpose  either  by  filtration  or  by  letting  the  precipitate 
suttle.  If  any  further  precipitate  is  now  formed,  the  whole 
of  the  liquid  should  be  well  stirred  with  more  of  the  reagent, 
and  the  dear  liltrnte  must  then  be  again  tested  in  the  same 
way.  This  process  must  be  repeated  until  no  further  precipi- 
tate is  caused, 

In  certain  coses  this  method  of  proceeding  is  rendered 
unnecessary,  since  the  presence  of  an  excess  of  the  reagent 
is  detectable  by  its  emell,  after  the  solution  and  the  reagent 
have  been  well  mixed,  and  the  air  above  the  liquid  has  been 
blown  out.  This  ia  the  case  with  ILS  and  with  AmllO. 
Tbe  presence  of  an  excess  of  n  coloured  reagent  may  usually 
be  seen  by  the  colour  of  the  iiltrate  i  this  is  true  of  yellow 
AiOtyS.  If,  howeror,  an  acid  or  an  alkaline  Bubetance  is 
directed  to  be  added  in  excess,  the  student  should  alwaya 
prove  the  ptcsfnce  of  an  excess  by  the  use  of  test-pai)ers.        ■ 

979.  Washing    Group   Precipitates. — Before    a    Groop^ 

Precipitate  is  examined,  it  is  necessary  that  it  should  bM 
washed  until  it  ia  free  from  odliering  solution  {96).  Thifl 
must  also  be  done  in  the  separations  by  filtration  which  anfl 
described  in  the  Group  Tables,  If  the  washing  has  cot  bsein 
satisfactorily  carried  out,  many  coraplicatious  may  arise.  I 

980.  Evaporation    before    Precipitating  Group  in.— 4 

Certain  organic  substAnces  liinder  or  prevent  the  precipitliS 
tion  of  tbe  metals  of  Group  III. a.  by  .\mHO.  These  subfl 
stances  are  usually  detected  in  the  I^liminary  Examination^ 
If  they  have  been  detected,  it  is  necessary  to  destroy  thetg 
by  evaporation  and  ignition  before  proceeding  to  precipita^| 
Group  III,  m 

Evaporation  to  dryness  and  gentle  ignition  of  the  residdfl 
are  also  necessary  in  order  to  separate  8i0,„  since,  if  tUH 
remained  in  solution,  it  might  be  mistaken  for  AljH„0(.  Ifil 
process  also  decomposes  Huorides  and  removes  IIP.  m 

lint  if  organic  substances,  borates,  fluorides,  and  silicot^M 
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are  known  to  lie  ahsent,  evaporation  is  uuneccssary,  and  it  is 
sufficient  to  twil  t!ie  filtrate  from  Croup  11,  until  it  has  no 
smell  of  HjS  ;  a  few  dropa  of  strong  HNO,,  are  tlieu  added, 
and  the  boiling  is  continued  for  several  minutee,  in  order  to 
completely  remove  H^S  and  to  convert  ferrous  siilta  into 
ferric  salts. 


pSi.  The  Separation  of  the  Sub-groups  III.a.  and  Ill.n. 

from  one  another,  by  the  method  which  is  given  in  the 
Ceneral  Table  (lOO?),  is  never  complete.  For  an  account  of 
more  exact  metliods,  ihe  student  ia  referred  to  paragrapha 
IO5S,  et  seq. 

The  method  of  examining  the  precipitate  in  (!roup  III- 
may  also  be  influenced  by  the  presence  of  a  phosphate  in  the 
solution  :  the  change  of  procedure,  and  the  causes  which  give 
rise  to  it,  are  explained  in  paragraph  1060. 

982.  General  Bemarks. — It  will  be  seen  that  the  full 
course  of  analysis  is  BO  arranged  that  it  serves  not  only  to 
detect  what  is  present  in  a  substance,  but  also  to  prove  that 
all  else  is  absent.  This  is  usually  the  object  in  view  when 
the  analysis  of  an  unknown  substance  ia  undertaken. 

The  procesK  of  analysis  may  in  some  cases  be  shortened 
by  using  separate  portions  of  the  solution  tor  each  Group  and 
test.  The  plan  which  is  recommended  in  the  General  Table, 
of  working  throughout  with  the  whole  of  the  solution,  is 
however  preferable  ;  since  it  enables  the  analyst  to  form  an 
opinion  as  to  the  relative  quantities  of  the  difiVTcnt  subalances 
which  are  present,  and  this  is  usually  important. 

It  will  be  unnecessary  to  do  more  than  mention  the 
extreme  importaiieo  of  the  spectroscope  for  rapidly  discover- 
ing certain  substances,  especially  when  tliey  are  present  in 
minute  quantity  only  (113). 

An  Example  of  Entry  of  Results  ia  given  in  paragraph 
II07;  it  will  be  seen  that  the  form  adopted  is  thut  of  the 
Analytical  Tables. 


^■I^^^^^H 

Si'I             ANALYSIS  OF   A  COUPUX  SUBSTANCE.          [>es.|^^| 

Sabstancea   for   Analysis  are   mentioned    in    paragraphs    ^| 
II70,  II71,  and  I172. 

The  Btudeut  will  do  well  aE  first  to  gain    experience   in 
tlie  analysis  of  easy  mixturea,  which  are  completely  Boluble 
in  HCl  and  contain  no  cyanogen,  organic  aalta,  silicates,  01 
phosphates  precipitable  in  the  Third  Group.     The  analysis  of 
such  substances  will  be  simple,  since  it  will  be  anneccssaij  to     ^_ 
evaporate  tbe  iillrato  from  tlio  Second  Group  to  dryueec^  or    ^H 
to  follow  any  special  method  of  precipitating  and  eKamining    ^^M 
Group  III,                                                                                          ^ 

When  the  ordinary  course  of  analysis  has  been  masterod, 
the  analysis  of  substances  should  be  attempted,  in  which  the 
above  complications  exist:  and  finally  minei-als,  water  resi- 
dues,   and    artifidal    products    and  by-products  ^ould  ba     ^H 
analysid,  in  which  raiaute  traces  of  their  constituents  should,     ^H 
he  carefully  looked  for.                                                                   ^M 

1 

GENERAL  ANALYTJC^^X  TABLES. 


GENERAL  COURSE  OF  ANALYSIS  FOE 
SOLID  AND  LIQUID  SUBSTANCES. 


9S3.  Cyanogen  Test. — Unless  cyanogen  is  known  to  b« 
absent,  it  must  be  ti3sted  for  in  a  small  portion  of  the  snb- 
etanco  by  the  tests  described  in  paragraphs  648  and  650.  If 
cyanogen  la  detected,  rafer  to  paragraphs  10S3,  ef  seq.,  for  a 
dascriptton  of  the  prep&rntion  of  the  solution  and  of  tJiQ 
mothod  of  analysis.  If  cyanogen  is  not  present,  blie  substance 
in  examined  by  paragraphs  985  Bod  986  if  it  is  a  liquid,  and 
l>y  paragraphs  987  6t  aeq.,  if  it  is  a  solid. 

984.  Silicate  Test. — Silicate  may  be  tested  for  by  fusing 
somr^  of  the  finely -powdered  substance  in  a  bead  of  micro- 
COBmic  salt  (600).  If  a  liqaid  is  being  examined,  a  portion 
of  it  is  evaporated  to  dryness,  and  the  residue  is  fused  into 
the  bead. 


I.  THE  SUBSTASCE  FOR  ANALYSIS  IS  A  LIQUID. 

985.  Reaction  to  Test-paper, —Teat  the  liquid  with  bhie 
liUniis-pnper,  and  with  turmeric-paper  :  one  of  tlie  following 
results  will  bu  obtained  (102)  : — 

L  It  ia  Keatral,  not  cliftoging  the  colour  of  either  pap«f :  this 
ihoivi  the  absence  of  iu;id!i  anil  ulkalia  snij  of  salt*  w[th  add  or  alknlios 
roacLion.  Tlie  ultH  of  Ag  and  Hg  and  uortnio  salta  of  Am,  Na,  K,  Ba, 
Br,  and  Oa  are  the  only  DBUtral  aolabie  salts. 


I 
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3.  It  ii  Alkaline,  toniiug  tarTDeriu  broum :  indicating  the  prueuM 
of  Am,  Na.  K,  lia,  Sr,  or  Oa  M  hydroxide,  or  of  a  gait  with  al^Iin* 


gS6.  Test  for  DisBOlved  Solid.— ETaporate  a  few  drops 

of  tho  liquiil  upon  platinum  foil,  thin   glass,  or  porcelain, 
smelling  it  occaaionally  :— 

1.  A  Beridne  is  left. — Eilxaniiiie  the  liquid  bj  the  TaTther  prelimt- 
narj  teats  in  paragraph  937 :  or  evkporate  a  portion  of  tha  Bolution  to 
dryness  in  a  porccUia  dish,  avoiding  healing  the  aubitsnce  after  it  i» 
dry,  and  ezamiae  the  nsiJuo  by  the  Preiinjinary  Tablea  for  H'-lali  ajid 
Acid-radiclBB  (987-IOOO).  ExaminB  the  larger  pari  of  the  aolntion  for 
MetaUhy  the  General  Table  ( too?),  payingattentinn  to  paragraph  lOoS: 
reserve  the  rest  of  the  solutioa  for  the  Examinalion  for  Acid-radicle* 
h;  paragraphs  1042  ft  acq. 

2.  No  Beaidue  U  left.— The  lii|uid  muat  consist  of  some  valnlilA 
tabstance,  probably  of  water,  Tliis  ii  either  purp,  or  it  oontaina 
oartain  gaaes  or  volatile  tmbstaaces,  such  aa  {NHj!,CO,i,  CO,,  NH„ 
HC1,  Br.  Theac  may  bo  deteoteil  by  their  aroell,  by  the  action  of  the 
liijaid  on  lilniua-paper,  or  by  apecial  teata  (70).  If  the  liquid  hu  no 
aj;tion  on  litmos  and  no  smell,  and  if  it  leaves  no  residue  on  evapora- 
tion and  ia  tasteleu,  it  is  pare  water. 


I 


II.  THE  SUBSTANCE  FOR  jVNALYSIS  IS  A  SOLID. 

987.  Examine  the  General  Properties  of  the  Substance. 

If  the  !;ubstanco  is  luEtrouE  and  metallic,  refer  to  para- 
graph 1067  for  tiie  nifltliod  of  snalyaia ;  if  it  is  non-metallio   | 
in  appearance,  proceed  to  examine  it  as  follows. 

Note  down  any  thiny  that  can  ha  learned  about  the  physical 
properties  of  the  substance  by  the  use  of  the  seitses,  aided 
by  a  lens  or  microscope,  and  by  a  magnetised  penknife- ' 
blade. 

Note  especially  whether  the  substance  cocsista  of  more  or 
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leae  Bparkting  particles  with  similar  gcoinetrical  shape,  vhen 
it  is  said  to  be  crystalline;  or  wheilier  tlie  partjoles  ar* 
irregular  iu  sliapi?,  ami  amorphouB. 

Also  test  ita  hardnees,  by  usccrtaining  wliethcr  the  sub- 
stance is  readily  powdered. 

If  the  partiolds  are  ButGcieiitly  large,  aud  especially  ir  they  are 
cryBtalliiie  minerala  (1173),  Hacerwin  the  dogrw  of  hanluuBB  more  oarc- 
Ailly,  since  this  will  b«  of  nae  In  IJeDtirying  tlie  aiibstauce.  Very 
■oft  niinerali  can  be  scratahed  and  marked  by  the  thnmb-nall  (Talc, 
Steatite].  A  harder  gabstance  which  ia  not  affected  by  the  thumb-nail 
may  be  acratohed  by  a  bronze  coin  (Cryolite,  Oinnabar).  Harder 
mineraU  still  will  only  be  scratched  by  a  p«iikiiire  (Apatite,  Flnorepar). 
Tiiry  hard  subatanciig,  each  an  qiiaitz,  cannot  be  Kratclied  by  a  knife, 
bnt  tlie  IcBife  produces  a  steel  stain  apon  their  surface. 

Try  whether  the  substance  is  magnetic  by  immersing  the 
tip  of  a  magiietiaed  hiade  into  the  fine  powder,  and  seeing 
whether  its  particles  aie  attracted.  Fe  and  certain  of  its 
compounds  are  the  most  powerfully  magnetic  hodiee  known, 
but  Mn,  Ni,  Co  and  certain  of  their  compounds  are  also 
magnetic. 

Note  also  whether  the  eubatunco  possessCB  any  oharoc- 
temtic  Bmell  or  colour.  The  following  are  sonie  of  th» 
more  commonly  occurring  coloured  compounds : — 

Slut :  byilrated  rupric  salta,  and  anhyiiroiis  cobalt  ealta. 

dreen:  oerUin  Fe"  salts  are  pnle  green  ;   CuG^  salts  of  Ni,  tnaii- 

ganateft,  aud  certain  coniponuds  of  Or,  are  intense  green, 
miow:  HgO.  At^,  CdS,  SnS,,  chromatea,  Ft'"  s«lt». 
Jied :  HgO,  Hgia,  ilgS,  PbjOj ;  dichronmtes  are  orange-red. 
Pinjt.'BBlta  of  Mu  are  delicate  pink;    hydi'ated  salts   of  Oo  am 

reddish -pink, 
Sroten ;  Ve,0^  PbO, ;  PbO  and  CdO  aie  light  brown. 
Slaet:  CuO,  MuO^  Sb.jS,,  FcS. 

H'hiU ;  anhydrous  salta  nf  Cu  and  Fe",  and  miuiy  otiier  sabstances, 
Colourlai:  a  large  number  nf  colourless  aubstauces  are   kuoivti  ; 

three,  sa  well  as  many  of   the   faintly  coloarad  bodies,  yield 

whili  powders  wben  they  are  crushed. 

988.  Beduction  to  fine  powder.— After  the  aliove  ex- 
amination has  been  completed,  the  solid  subatance  is  reduced 
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nest  powder  portable,  by  rubbing  it  in  the  mortar. 
An  ordinary  Wedgwood-mortBi  mny  be  need  for  powdering 
substances  which  are  pretty  soft;  btit  bard  rocke  uid 
minerals  frequently  rcjuire  to  he  first  crushed  in  a  deftn 
bright  steel  mfirtar  (fig.  79)  by  blows  of  ■  hammer,  and  to 
be  afterwards  pulverised  in  an  agate  mortar. 

It   must  be    understood   that   the    mbse^juent    diemical 
«xamination  is  very  greatly  facitiUted  if  the  substance  hai 


mpalpable  powder,   which 
i  rubbed  beneath  the  pestle  or 


Iteen    carefully  reduced    to    i 
does  not  feel  gritty  w " 
betweeo  the  fingers. 

A  portion  of  tJiia  powder  i«  submitted  to  the  teeta  wliich 
are  deiicribed  in  the  following  Preliminary  Eiaminatione  for 
Metals  and  for  Acid-radicles  :  and  the  remainder  is  reeerTed 
for  the   fuller    method   of   examination   in   solution    (lOOI 


[»] 
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L  The  iiibaUua  dw  Bot  ahuis*. 


Uack         !  ■•   I  (HWwnf  " 
rheiubtUDca  blBckeu— 

lug.  Tlie  lilaok  cubrin 
nu)'  be  bomt  DfF  U; 
■trongtr  heatbiff  dd  plii' 
linutu  full  irllh  the  blnw- 


lim.   T'ha  ( 


WMte,  CTTitallins  (ipBrUing)  ittb- 
WhtU,  iinii-crynUlUnii  aubllnmU. 


to  cunUit  ol  slD- 


iKTmlrr 
■ith  n 


A  Bliiell  ol  bura^off: 
sUnrn    wMch  nib- 


ir    abaacbcd 

•ubBllDCB, 

would      be 


>  ot  alknlil  or  a 
In  Blu  of  t 
kallDi:  cuUk 


{"Sj 
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Ob«natlon. 

ruferenee. 

a  Utile  itrong  i&O  aoln- 
lloo  npon  lonw  ol  the 
■uUtance  and   heat  to 
boiling:  or  mix  aume of 
the  subatance  villi  (oda- 
Ibne  in  a  lODrWr,  an.l 
molaten  and  heaC 

MHe  h  Klren  off,  Irnoini   by  Iti 
amell  and  by  turning  moUt  red 
MroiUHDaper  bloe  ot  turmerio- 
papar  brown;    tlie   chanue   in 
colour  1>  only  a  truitworthy  In- 

at  the°N-Hi'l"'wlD^'wi-r^ 

Preaenee  of  KH^ 
rreaenca  of  water,  «b- 

I.  Th>wiib,tanugin,of<«UfT. 

mine  the  dmp>  of  water 

iMtbbm«Md°redUlinu" 
papen. 

It  foaei  nm,  then  give*  oil  water, 
and  again  beeumea  lolld  If  ttai- 
beat^contlnued. 

It  .weU.  up  o.n.ldeniblr  whil.t 
giving  on  111  water. 

The  water  Ii  acliL 

Waler  of   cr>alalllaB- 
Uon. 

Bonn     and     eertain 
boralea,  nlunia,  and 

Probably       NH,,com. 

•-."TiSiVisir"-- 

ler   ol  wood   Into    tbe 
tube. 

Ithuroemore  briRhlly.  and  It  In- 
troduced with  a  ipiirk  ot  tha  end 
iiiuflamei). 

The  Oame  it  utlnguiihed. 

0      from      chlorate*, 
nitratea.   peroiidei, 

cor.;";-—'"'-'- 

IroducB    a    g'aw    rod, 
molaten ed    with    liniB- 
water,  into  tbe  tulie. 

The  lime- water  tuma  milky. 

tiugntohod. 

6.  r**(MDrrapfHu-AoianiMj|. 

CO,  from  carbonatea, 

N™m'AmNb,  pro- 
bably.          ^  '^ 

aMffi',--— 

Tlie  K,Cr^7  lumi  green  ;  molsl 
mueliimua  la  also  reddened  by 
Ihegaa. 

EeJilieh-brown  nitron,  funei  arc 
glieu  on,  known  bj  their  pecu- 
[lu  amell,  and  by  not  colouring 
■taroh  pait«  onmge  red. 

Smell  reaembllng  CI  ^ 

<i  free  9.  or  from  add 
iulphltes.     tbloatd- 
ptaate.,  reduction  Dl 

ffoI'Ti^iid"^'- 

Mltralea      ot      boan 

Ctnfimat'iry.  —  lo- 
troducsaEliiu  tod  car- 
iTlng  a  piece  o(  moiil 

Clf^^cerUlncbl^ 

troducoaglajirodwith 
inuiit  .laiuH  powder  on 
lUeud. 

Brown  vapour,  which  eoloan  the 
moltt  ilarch  powder  orange  red. 

Violet     .apoor,    which     mloura 
Blareh  lolutlOQ  blue. 

MB,  la  amdt. 

Br  Irom  certain  bro- 
KH,  or  cyanogen  com- 

bjrthdsMk- 
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0.  niuiudiitlitiniiitid.ai 
at  Iht  auiulh  oflht  tahi  ui 
Pule  iiiUiivCih  grtm  auDe, 


Biiulit    ulkiM    fluui 
FtwA-itoaam  lotovi 


figCy/ 


I 


990. Eip,  U.-Dip  ■  msli 
tmed   loop  of  platiAui 


up  ^  tht  Buiu«ii 


■mine  (he  lliinie  through 


Preiencti  at  K  or  Sr,  01 


.rough  t 


I.  Pn-.jn 


B  Uirough  I 


iU  be  ursfuliy  tluuuttb  the  luiilgo-prlim.      { 

Itu  ii>e>.'(r<>Kap«(ii4.iij)    B.  BrigMgrtnt. 

muiileulnt:  wicli  itroiiK  ^i.l 


onlf  utter  Igntllon  »'  "- 
powdered  CsBO,. 


Tl»>  a>nit  i 


991.  Eip.    in,— H«I  till  I  A  Tha   lulntuM   dMra^t&tu   or 
0a  III  J      pffirdartd      lub-        flrAaklat. 

■tuurt  Id  a  nqijl  o^TiCy  B.  The  euhalnQe*  dtlUfiatBA,  or 
HCepad  iq  4  pleoB  of  otuuitha«hvWftl tobnrarmpUlT. 
w»d-Qb4rt]cul,  ia  Ibt  \  Or  Tbtt  aubituiee  fuiea  AftAUrt  uid 
blovpipe  AiuDe,  1  U  Abtorbfid  bp  tfa  ' 
• '    aidWt 


fomu  4  Li^^  Mad. 


Cvt^rmatoru.- 
Ueb  « IKfftliiD  ol  tlii 

cmI.  plus  It  upon 
plena  ol  red  lltmui 
pMHir.  and  ninittr    -■■■ 


n  tnma  blue,  ihowlug  tl 
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Biperiai^ut. 

laleroaoB. 

A  M»  rakiiie.  lUolooi  ot  which 

A1,0„  and  tone  phoa- 

ten  the  re-J<lt>.  <^d  the 

don  Dot  illBapusir  with  iDteiue 

]i1iM,ar»t.alea,*lll. 

etiucoal  when  cool  with 

heat. 

aannl  a  rops  ut  CuCSO,  i. 

AnntMlidu*. 

uS^"'"'"™"'"™' 

■olution,  uHl  li«t  iig..m 

■tamiglr    tn   th.   ouKr 

Z.]0(nrpoMlI,traii> 

blo-pipo  lUlM. 

Ccmitniulurjf.— Heiit 
B*inmlI<i«DtU/orth(i 

Colour  «l  hriid : 
Inufltn-flane.       In  loner  name. 

lubtUDM  )n  ■  clenr  cu- 

Gri-n.  hot,  »ud  1 

"•ira/'J 

llM,  cold.          f 

Inlh^il^tbeolfilhJ 

"a.'"  ""'1 

Bl.«.  hoi  ud  1 

aAA.              f 

's;.-a-! 

Orfjl  «  oyojwe. 

JJl. 

BrtiiBH-r«(,lml:) 

(llfM(m-ii,hol[ 

Vrllflr.«ild.    \ 

nndco..)'        t 

ffrfen^  hot  and 

jsee  Ov*nw 
Mn.  i  tsl  hclow. 

Co,U(™«»riF.-T1ie 

lAgtit-yettoti  nuu  on  eoollng. 

Cr. 

prewnce  of  Sin  unrt  Cr. 

BlMt-gntn  intiM  nn  cooling. 

Mn,    @«o*u.J 

with   N»,CO..n<lKK(., 

onpUtlnumlolL 

S.  Ta«  Ttiidia  it  aHaund,  or  nw- 

■lio  UDie  ol  Th.   .nb- 

taUle  tcaUt  or  gtebidu  an  im. 
The  aubitanse  fi  r«lu«a  (o  (ha 

An,*j,Cii.Pb.Sn.8h, 

iimUIUc  atute.    [.See  !»> 

Bi ;  ICo.  SI.  Fa  Mn, 

An,  ,^,  CO,   Co,  Kl, 

FB,Sn.Sn. 
Ag.&i:KIIIh»rd. 

(toocg.  miied  ur  euTem] 

with  powdered  KCiuiil 

0.  Without  Incmnation. 
JWIIioBi  v>hiU  DietaL 

blowpipe  ll»me. 

reu™  meliU. 

iled  tmlea  or  tlobuIiM. 

artji    pwilei.    Jilt[iii:lfj   li]>   ■ 

Cn." 

Po,  Co,  ffl.  lln. 

Olobolci. 

tacA  »BVBt»l  uf  the  glo- 

not       miirUog 

»ar  ■- 

8n. 

bolH  with  the  point  u( 
■  knile.  uid  itrike  thitn 

paper. 

on  the  bottom  at  na  lii- 

Wku»,tTita,. 

Orotijthot     I 

m. 

TBrl»d  rogrtu  wdtli  the 

riii«.™id.  f 

piMtla;  U  ths7(liitten  lo 

m«»,™oii«w.. 

TiUm,  hot  and 

Pb. 

t  Mkt  tb.y  urt  imU^ 

markinc  paper. 

eoW. 

^t.    U    cniihod    to   * 

lied  on  the  pomt  of  > 

Whiu,    Mm,. 

rut*,  Gtoae  to 

Sb. 

es.  •"■• 

knUa,  mulig  paper. 

Xola.— The    ipnuBrance 

Awie. 

YtUnlt.  hot.       1 

Zn. 

Od. 

ndOMd     natal     la    Ite- 

KOatUiBil. 

quantl/  BDch  allersd  bj' 
fti»  preaenco  ol  •notliar. 

nine. 

irft.-(...adwlUto 

la. 

t.u„«j      anaU 

olBirllo. 
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luIWHKK. 

993. Eip.  lV,-ru«  HraiF 

On  rioting  olT  Iho  ralalance,  tbe 

rreienco  of  8.  free  or 
coiubuiHiL 

witb  ShiCOi.  in  cbtngal 

U^  ii  percFliecl,  ina  Icsd-paiwr 

in    till   Bu,a    !il»i.^» 

Sint    preducfd  from  ■ 

fl\(..-81i.«      till. 

.(«ht-l™p  :  taim  tbo 

fuid  m^u   wbm   ooR 

ilctwt  B  mnd  HilpliuT- 

pln.Uofl.t*i(lrtiilTn' 

«ld.™liol»,  K  n.«« 

Q.i.u«Mtaiirith*.i><,f 

m-Qp«rly     belongi     W 

OtWBtTI.  4Bd  tct  ituiil  lu 

MHBlBillUtn. 

•mlnntHm     for     ncld- 

nidlcln:ilH,  however, 

PnELciiiNAiiT  Table. 

993,  The  gnen  Dolaur  produced  bj  Mn  cnnreaU  the  light  jellow 
diM  to  Cr ;  on  boiling  tho  rGsidue  with  wHter  it  giree  a  piuk  or  purpls 
tolutioii,  the  colour  of  which  is  bcstaren  on  mtcriag :  1ki<  colour  Eidue 
to  ths  furmatiou  of  EMdOj,  and  ahou's  Mn  to  be  preHiit.  Oa  aDldifying 
thlt  solution  nith  IIA  uid boiling  a^n  Tor  aeversl  miaQtes,  ths  purple 
oolour  b destroyed;  and  o&  Bltering,  ths  yeilovt  colour  due  to  Cr  ia 
Hen :  tbe  prctiBuce  ot  Cr  may  be  furtiier  couliruicd  hy  the  rormation 
of  •  yellow  prmpitato  in  the  acid  aolntion  an  udditioD  of  FbA, . 

g^.  The  mcuU  u  best  nepuiteil  and  examined  by  detacliing  lh« 
mass  when  cold  from  the  ch&rcoiil,  and  powderiiig  it  by  cniahiiig  in  a 
mortnr  or  011  1  witch  glaaa  ivltb  ft  little  water,  letting  atand  for  a  short 
time,  uid  then  quickly  pouring  otT  tlis  wntcr  dawn  a,  gliua  rod  or 
pealle  which  i>  vetted  and  pressed  agutut  its  edgf  ;  by  several  times 
rapoatiiig  thia  oporotion,  the  heavier  mstaiUc  psiUcles  alouD  are  left  in 
the  mortar  or  watch  glaas  (III). 

095,  ,Vo».— When  the  aubstanoe  to  be  eiamined  contains  Mveral 
bodlvs,  they  frequently  more  or  lens  moak  oue  another's  reactiona:  thus 
Od  if  mixed  with  Fe  will  give  ■  bend  gnen  whilit  hot  and  blue  when 
cold,  tbua  reaembling  Cn,  but  dilTering  in  remaining  bluu  in  the  inner 
Dame:  hcncu  tbe  composition  of  many  complex  miitureaia  only  roughly 
indicated  by  the  Pretiaiinary  Ezamiuatioa,  and  must  be  confirmed  anil 
fstablished  in  the  wet  way.  Many  substances,  more  particularly 
loinenia,  however,  can  be  completely  anolyiied  by  a  careful  Freliminary 
E^umioitiDii, 
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PRELIMINARY  EXAMINATION  FOR  ACID- 

■ 

996.  The  auhsti 

RADICLES. 

■ 

iince  is  required  for  this  examination  in  the    ^^ 

state  of  powder  or  of  strong  eolulion. 

If  the  subatancc  given  for  analysis  is  &  solution,  part  of  it 
maybe  evaporated  to  dryuesa:  the  dry  residue  la  then  finely  ^^_ 
powdered  and  subjected  to  the  following  testa.     If  seveid.^| 
arid-radMea  and   mptiiln  am  prpspnt,,   l.lia   rpartinns  mav  hA^H 

more  or  Jess  perfectly  concealed  ot  altered,  hence  failure  in    ^| 
obtaining  a  certain  reaction  does  not  in  all  caaea  neceaaarily 
prove  tbe  abaence  of  the  correapondinjt  acid-radicle. 

Eiperlment. 

inference 

HOI  ud  xiU  the 
runlt,    then    heat 

A  eolourleiH   g**  wlthnat 
HuoU,  which  inrui  milky 

Uie  cSdlf  a  S™i^'- "" 

which  lumi  a  dn>p  ol 

flo,  i*oin  e  .ulphite.  or 
Irom  a  sul|ihate  in  tbe 

St™"redi«!lug    m^ 

m 

Vellow  S  I>  prfpltaled  at 

m,  and  S  from  a  Ihlo- 
BUlphate. 

1 

i   u*  with  lelld  odour, 

1      which  hlaiAena  a  drop  of 

1      PUAi  adlution,  or  a  piece 

of  l?ad-p.per.    (Ke^rto 

HaSfrom  aaulpliiile ;  or 
poulblylromaiulphiU 
or  thionilphaW,  If  Zn 

he  pre-ent,         * 

BeddiibrumeL 

From  a  nitrite. 

Hon  a  Blrtp  ot  lur 
meilD-paper. 

bleaches    molat    Utmlla- 

eralved  on  adding  BA. 
ft.  Onlj  when  henUd. 

ClIromaollonofHClon 
nCy  (mm  n  cyanide. 

1 

een^e  heat,   H  becomu 
raddiih-Drown. 

PreHBCooIa  bontaCjSQ. 
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EiperiniQnt. 

OhiarVBllon. 

lufcrehca. 

998.    aq,.    n. -H«t 

paid  tugaaesavolvwl  iu 

toe.  I.  law). 

•ouip  o(    th«  lUhtUlIBB 
wlUi    Mu0.j  /«»  /mm 

U^O.aDd>.«ru.. 

IntothohotlhiuldalsH 

anme  of  the  wild  lub- 

Sto*!2n^aoIl"l^ild' 

cool,  add  about  iHlCDU 
w«A    MTong    IMO. 
oool    and     pollf    cold 
■olutloii  at  feSO,  cam- 

I.  A  gni  la  sTolced  with 
punaenl  enieU,   which 

acid  with  UAOj. 

A  yMllou  gH  la  glnu 
OS  with    atruug   uuell 

lltnim-p«par(t«»). 

Bruwii  VBpiiur  U  given 
olf,  wMch  ooloun  tllllie 
luolit     alateh      puwdor 

"SS-JUr  1.  B™ 
on.  whIPhcolouraudrop 
of  ttttah  puts  UluD, 

S.  A  heavy  fuming  miTo. 
onilug  g»  la  evulvad, 
and  Che  liquid  bebsTu 
»   If    tha    glu.   wen 

It  Uioruiighly,  the  !n- 

8,  The   acid    tumea   are 
reddiah,    uiually    arou 
011I*  UD   Akuhis   after 
addlngafewtnguieuta 
of  On. 

A  dark  brown  ring  or 
layer    fomii    upon    the 
lurrios     of     the     acid, 
either  at  once  or  on  cocd- 
tiig  the  liriald    hy  Im- 

IKtfef  loAolt,  leso.] 
4.  Tha  aeld  )■  eolnurctl 

eiplinlun  ur  traekllUE 
occurs      Conflrai    hj 
US- 

from  yellow  lugiwh.O 
IwlllK    evolved,    an    l> 
thowQ    by    ■   glowlug 
Up«. 

HO.  HBr,  HI,  HP'  from 
chloriUa.           bnmilUe, 
iodide,  or  Suorlde. 

"da?..  "  "°» 

Br  (niin  hromlile. 

I  from  l«ll.la. 

HF  from  fluorWe:  con- 

flnu  hy  «sC. 

The  H>acUng  upon  ttw 
aUlcaofthegUwaTolra 
SIF,,  which  la  delected 
by  holding  a  moittaoed 

gsUlliioiuljiniupoalt. 

PrcKuce  ot  nllrate. 

Plociice  of  chlorate. 

For  dBtnetlnn    i.i    nl- 
(lale  and  chlorate  wh«n 
ulllcd.Hcojsa. 

Preicnce  of  ohromale. 

I 
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Eipfi-lment. 

ObtnriUoD. 

8.  YcllnwHli  (TTMn    g«(, 
Willi  luRxoitiag  inicll, 
*l.ii.h    bleKbe.  iooi.1 

( JelwWd  alromUr  In  9W,, 
or  truui  a  cblortde  lu 
p™i™olMliO,4«. 

troiBiLyatlroQtfaniM: 
or    colon  nd    reddiili 
bromibrCfOCl, 

A  cbloridc  In  preHaeg  ol 
Bnltraleorndrite. 

S.    SDlnUno   da«    not 

bliulMii.bntcfnlireiOU 
which  bunuwlUiabluE 
nuns,  tni  CO,  olilcb 
tunu  ■  dmp  at  Umo- 

PrgKnca  of  ui  onlala. 

uut  SO,  i>  unilt. 

ProicKCB  of  a  UrtralB. 

10.  AiniFlloti»Mi^»U 
ur  rtaugar  It  nollcad. 

HA  (rem  w  »Ml«ta. 

■  llnle  iil'co'hu?  to  tlie 

wtSH.ao,."' 

Slrong  tnsnnt  odour. 

Ethyl  nivtnte    trvm    u 

Table. 


999.  The  3  present  ia  eulphides  vhich  are  not  decomposed  by  dilate 
HCl,  U  delected  by  furiug  tlia  powdered  sabalanra  with  two  or  three 
times  M  much  Tuaion  mixture  (Ka,CO,  +  E,CO,)  in  a  covered  crucible, 
lioilicg  with  a  little  water,  and  jilncing  ■  drop  upon  a  bright  mlrer 
coin,  when  a  dark  Btaia  will  lie  prodnced;  or  by  aiiJing  rxceai  of  an 
acid  to  tlie  solution,  when  H,S  will  be  evolved.  Smaller  quantitjea  of 
B  may  be  detectml  by  tbe  formation  of  a  bladk  colour  or  precipitate  on 
adding  PIiA,  to  the  solution  of  the  fused  mnsB. 

1000.  C'hloriJn  treated  in  this  mitiner  evolve  CI,  recognleed  by  ita 
colour,  nmell,  and  blrnchinf!  action  on  litnius-piiper;  but  this  t«t  for 
pMoiidcs  ia  tnistworthy  only  if  the  precanlions  siated  in  554  ara 
attended  to,  since  man;  suuples  of  MnOi  cvulva  01  when  they  ut 
vtrmcd  witli  U^O,, 


[lOO!.] 


PliErABATrOX   OF   THE  SOLDTION. 


EXAMINATION   FOR  METALS  IN  TEE  WET 
"WAT. 


After  tlie  Preliminary'  Examination  of  the  solid  sabstaDce 
lias  been  completed,  a  portion  of  tho  eub^tance  ie  dissolved 
(lOOl),  and  the  solution  is  submitted  to  the  ejBtematic  ex- 
amination, which  commencea  at  paragraph  1007-  This  is 
often  termed  "The  ExamiDEttion  in  the  Wet  Way." 


Pbocbss  op  Solution. 

lOOI.  A  portion  of  tlio  solid  subatanco,  reduced  to  an 
impnlpahle  powder  (988),  ia  boiled  in  n  Haak  (fig.  38,  p.  60) 
or  boiling-tube  witli  distilled  water :  if  it  diasolyea  entirely, 
proceed  to  lOO?- 

If  the  powder  does  not  dissolve,  allow  tho  liquid  to  stand 
nntil  the  undissolved  portion  haa  in  great  part  eettled,  then 
decant  through  a  filter:  the  filtrate  ia  Solution  I. ; — 


Baidvt  in  flatlt:  boll  wIlli  illluU  HCI  (.«4).  nUnw  ttoj  reilrlUB  V>  kCUb, 
dccuit  ilir<;UKh   tho  niler  nwl  ibavg  (udj)  ;  repeat    Ibli  prucau  and 
niially  boU  Ilu  ruldiw  wlih  itroug  UCl,  lui  uttls,  daciuit  Uumiali  ita* 
Wtar;- 

iriUiauu 

tttMul:  li«l 

»1lli  ilUufe.  men  •IIJ,  rtrong  HUO,  (i«S) 

PMrauu 

HiLli  a  niriluni  ul  itiung  UNU,    (tsstj 
wLlti  llir«  llinei  u  much  Hfl ;  l(  U.ii 

thn  nclil  mlitiin  UirouitU  tlw  tUI«i;~ 

fatraUlt 

liaidtu:  mcb  veil  with  1 
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1002.  Solutions  I.,  II.,  Ill,  lY.  need  not;  be  esamiaed 
Beparately.  Add  to  I.  a  few  drops  of  dilute  IINOj,  and  if 
no  precipitate  is  produced  (1008)  acidify  it  with  HCl ;  add 
also  to  Solution  III.  some  HCl.  Any  precipitate,  caused  by 
HCl  in  these  solulions,  is  filtered  off  nnd  esamined  by  Table 
I.  (1022).  The  Solutions  I.,  11.,  111.,  lY.  are  then  mixed 
together,  and  any  precipitate,  produced  by  mixing  them,  is 
examined  by  paragraphs  IO74  ^''  ^'7'  '^  ^°  insoluble  substance. 

It  is  best  to  boil  down  Solutions  III.  and  IV.  considerably, 
in  order  to  get  rid  of  most  of  the  HNO^  which  they  contain, 
before  they  are  mixed  with  Solutions  I.  and  IL 

The  mixed  Solutions  are  then  examined  by  paragraph 
1007. 

1003.  If  a  comjilex  solid  mixture  is  given  far  aoalyKis,  and  tbe  only 
iibjvcl  is  la  obtain  a  solution  as  rapidly  u  possible,  tlio  substance  may 
]ie  at  once  boiled  vith  aijua  rcgia  for  a  few  miuutirs,  then  diluted  and 
txhercd,  Tlie  residue  Is  examined  as  a  substance  insoluble  in  water 
and  ocich  [1074,  «(«>;.).  TUeliltrat*  is  eveiporated  nearly  to  drj-neaa, 
dilute  HCl  19  ndited,  and  the  solution  is  examined  by  the  General 
Table  (1007), 

1004.  Any  Changes  wluch  occur  on  the  Addition  of  HCl 

should  be  noted  down.  Notice  especially  whether  any  gases 
are  given  off.  Many  of  these  may  be  at  once  recognised  by 
their  smcl! ;  but  a  closer  examination  may  bo  neglected,  aa 
these  gases  will  have  been  already  obtained  in  the  Prelimi- 
nary Examination  for  Acid-radiclea  {997). 

If  the  gases  are  evolved  from  the  aqueous  solution  when 
HCl  ia  added,  or  when  the  HCl  and  aqueous  solutions  are 
mixed,  the  corresponding  acid  radicles  must  have  been 
present  in  salts  soluble  in  water,  probably  salts  of  alkali- 
metals.  If  the  gases  are  evolved  when  the  residue  insoluble 
in  water  is  treated  with  HCl,  the  radicles  were  present  ia 
salts  insoluble  in  water. 

1005.  When  the  hot  HCl  solution  is  cooled,  crystals 
often  separate.  These  usually  consist  of  PbCl^  rarely  of 
BaClj.  The  crystals  should  bo  filtered  off  and  dissolved  in  ft 
little  boiling  water.      Ba  is  easily  found  by  the  llume-colora- 


[lOOfl.]               PREPARiVTION   OF  THE  SOLUTION. 

3. 1 

tion  which  is  given  by  tho  solution  (175).     The  forraation  of 
s  Iriglit ytlline  predpitntc,  wlien  a  Jrop  of  IC,CrO,  is  added 
to  the  whition,  proves  the  PrsKenc:  of  Vh :  Ba  givea  only  a 
paic  ypllato  precipitate. 

li  Pb  haa  been  found,  and  a  residue  is  left  aftor  the 
original  substance  haa  been  treated  with  HCl,  this  residue 
may  conBist  of  PbCl^ :  this  suhstonco  may  bo  dissolved  by 
boiling  it  with  water,  und  the  use  of  IINO^  miy  bo  thus 
avoided  (1006). 

1006.  HNOj,  seldom  requires  to  be  used  in  disEolving  a 
tmbstanco.     This  acid  should  be  employed,  when  necessary, 
only  in  very  Bniall  quantity,  since  it  dccoraposea  UjS  with 
separation  of  S  unless  the  solution  is  dilute  and  cold  (lOII) : 
the  presence  of  lINOg  uioy  accordingly  delay  or  prevent  the 
precipitatiOD  of  Group  11. 

i 

J 
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1007.  GENEIiAL  TAULE  TOR  SEPARATION  OF 

If  tliD  anbsUQco  for  annly lis  ii  n  Uijuiil  nitti  nculral  ur  alkaline  reacUon,  it 
,  cmniDcd  as  direcv^il  below. 

In  Lbis  Tublc.  and  also  in  Ihc  Group  Tabirs  whicb  Mlow,  it  hug  bcEii  mp- 
ptecipitata  uitl  be  proJui:td  u'hea  llie  rengenc  ii  added  foi  iU  dctei:Iioa  ;  and 


KlplUte  It  produceil, 


AgCL-BA*M. 


(3«ioio.) 

I  r''«ipii«ti! 


Kott.—vriim  thp  hoi  nn 

■nlatloa  It  ciwled,  rii('[ 
OttOl  WpUltsl  III  whii 
ornUlL  Ilia  ibHinu  i 
Tb  it  not  proT«d,  II  It  I 
not  prwlpJtBtcd  In  thi 
muttp.ufbCliliBDmewht 


TbellltrBteorialuI 


The  preclplute  luijr  a 


BbA— o'a'W^  , 

AtA-yUcB  I  uid      Id 

Sntnlaa  the  preclpltat*  1 


mctBli  may  be  Utcrwanls 
preclpltaUd  l>y   AniiS  in 


nis  nlutlon  ar  fllCnta  li  dl- 
clpi(at«d:  u  loaa  u  Bi3 
(lull  until  It  oeuea  lo  nnell 
uid  the  raldu*  geiitlr  laiitivl 
healed,  tlicn  wat«i  li  lOdRl : 

t'ld  ■  tev  dr»|M  nf  till  uld 
IbU  align  tbu  prmnM  ^a 

L^d  to  the  reit  of  the  HaMla- 
uij  preclpilale,  wbieh  mir 

(toT0):  If  m  phoephttta  ij 
phuM  us  kUioDt  ptuveed  u 


Tlie  pteclpltate  mij  codUId- 


EnBEnloB  the  prednltBta    br 


l'*Ulu  ULa  (iiBTt- 


Notes  OS  thb  Gbseral  Tablb. 
iodS.  If  the  liquid  under  examinittion  ia  allcaliue  re  neiitnl  in 
reactiuu,  HNO,  must  lie  added  in  sliglit  e:ices>,  before  the  eiamiaation 
by  the  Gcuorol  Table  is  comiueni^ed  ;  a  chnngii  of  colour  from  green 
to  piirpio  iiiiticatcB  tlie  Fnience  of  Manganatt  {628,  629).  If  no 
preqipitata  fonna,  the  liquid  ii  at  onoe  exnniiuMl  by  tlie  Geneml 
Table  j  if  a  precipitate  is  produced,   moi'e  BNO3  is  added,  and  Ilie 

•  By  tliB  "original  solution"  is  meant  Uie  solution  of  tbe  mhstanp*  it  J 
■  lotiii,  or  the  subatuice  ItieJf  if  a  liijuid,  to  whlili  no  reageut  has  tott  J 
added.  —* 
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METiVLS  INTO  GROUPS  liY  GROUP-RE  AGENTS, 
reqaircs  ipeciul  treatment  (1008) ;  if  its  reaction  is  acid,  it  amy  be  at  onca 

poaed  tbat  all  metals  are  present :  iF  a  metal  or  gronp  of  inolals  is  alisent,  DO 
honce  no  GltratioTi  is  necessury,  tlie  silutiou  being  tlien  treated  as  a  Gltrate. 


M  an)'  [urtlier  [ireclpllalo,  hut 


h  U^  l>r  puulug  U 


luted  and  H^  ii  u 


id  H-3  il  UUHd  agiitn  Into  It,  to  inaka  lurg  tint  Oroup  IL  I1  campittaij  vre- 
..  .  I)  no  lurtfier  preulplUM  the  clur  lolullDn  or  filtrate  fi  bulled  In  a  porceUllI 
ul  tI^ti«S>>a  ll'tle  niroDK  UNO,  la  tbni  adileil,  anil  ibe  lliiil<l  li  evaponled  lo  iryjit— 
lu  tiGi>  dlin,  WIiEU  the  illtli  )■  cool,  a  liltiB  (trDDg  Ua  ii  poured  upun  tlia  nalduo  and 
mji  luuUBolTcd  reildue  li  altered  olT  (lei;). 


D  AmCI.  heat  It  to  1 


an, 


boll   aitnln,  and  fllUr  oil 


tonn.aa  (lulckly  as  piwllilc,  kaeping  the  funnel  cloteli  Lovored  with  a  alua  plate 
nvMnl  and  a  prsrlpltata  li  piuduued  by  AnillU  celer  lo  I'alilei  (letj,  leW).  It  jilioi- 
li  directed  Leluw  :— 


Lrod(»ig},  JeUuw  Ani^  U 


ZnS-vMti. 

Add  to  the  Bltrato  or  win 
llnclly   rell.i*    or   biun- 
geullyandlUter:- 

KW-itae*. 

Examine    thli    preFlpltale    al 
m«.  by  Table  ni.adoaD- 

BaClr-"*'"- 
CaCy,-uAll.. 

Eiunlna  the  precipitate  by 

liquid  U  heated,  and  i(  a  preci]iit«lo  still  remaina.  it  is  filtered  oironj 
tliH  filtrate  la  e»iuiucd  by  the  Guuerul  Table,  cDiiimeii<^ii)g  with  the 
additioti  of  HCI. 

The  precipitfttB  caused  and  not  dissolved  liy  UNO,  may  be  finely 
divided  aulpbur,  which  acparatBg  M  a  vikite  powder  from  a  aulpliide, 
and  u  a  yellow  powdor  from  a  thia.tiilpli»to  f ;  tliis  prwiiiilats  may  Iw 
nwognised  by  its  coluur,  and  by  not  being  seiiarablo  by  sIbikUiik  or 
GItntioD  ;   it  may  b«   iliaregnrdcd.    There  miij  also  bo  iireeipitatail 


•  Inrtead  of  diluting  and  pawinu  the  giui,  Uji-solul 
f  Fonu0rly  e«U«d  a  "  hypoiuIiiUitu." 


a  may  Ik  added. 
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HfSiO^  (gelatinous,  almoBt  colourless),  SiiO,  or  metastaniiic  arid  (1009), 
SU,0„  AgCl  (all  three  n-liiU),  SiiS„A8^  (botli  yellow),  SSS,  (orange). 
A  fnll  examiDatioD  of  tliU  precijiitate  for  all  thut  it  may  contain  maj 
1m  mndc  tij  boiling  tbe  precigutate  with  ariua  regii,  BUil  then  ttilutiiif; 
the  liquid  anil  lilteriug  it ;  an;  iaaolnble  rvHidne  which  renikina  is 
then  eiamiDcd  as  >  anbaUnce  insolublu  id  water  and  acids  (1074)  ;  the 
aqua  regis  solution  ia  added  to  the  filtrate  from  the  precipitate  which 
WES  originally  produced  by  lINOj,  anil  any  frcclpitato  which  is  ctUMd 
by  mizipg  these  aolnCiona  is  exBiuioLil  bj  Table  t,  (loaa), 

1009.  McteHtniinic  acid  is  precipitated  from  the  aolntion  of  an  slIcB- 
line  nK^CuHlminale  hy  tbc  addition  of  an  scid.  It  farms  ■  while  pre- 
cigutate, which  becomes  golJen-yeltoiir  when  it  is  moistcnfd  with  SnCI^ 
■olation.  It  !a  further  rccogotsed  by  iliaiolving  in  llie  washing-water 
while  it  is  being  washed,  and  being  rcpreuipitotod  when  the  wasliiog 
Tona  into  the  acid  fillrale. 

1010.  It  mUBt  be  rementbered  timt  strong  IICl  also  precipitates  a 
itrong  solution  of  a  barium  salt.  This  preciiiitato,  however,  is  readily 
dissolved  when  wnler  ia  added,  and  the  liquid  ia  heated :  it  ia  easily 
distiugitisbed  in  this  way  fiom  AgCl  and  H;jX!^ 

loii.  If  HNO;|Ornqua  rfgia  baa  been  nseil  in  dissolving  the  mb- 
stniiee  (lOOl,  1006},  or  if  tlio  solution  smells  of  CI  or  S0«  the  liquid 
should  be  boiled  down  conaidcralily,  until  neither  of  the  shore  gaaea 
is  smelt  when  BCl  is  added  and  the  liquid  is  again  boiled.  The 
aolntion  is  then  dilated,  and  HjS  Is  passed  into  it  at  once,  whether 
the  dilution  has  caused  a  precipitate  or  not  (1013]. 

If  As  lias  been  detected  in  the  Prclimittnry  Examination,  H,SO| 
should  bo  added,  until  the  liquid  smells  of  SOj  after  it  lias  been 
boiled  for  a  short  time.  The  liquid  ia  then  lieatcd  for  louio  time 
short  of  boiling  until  it  no  longer  smells  of  SO,.  This  Ireatnient 
redaoca  arbeufeand  atannie  compunnds  to  the  arscurous  and  staunoua 

In  the  cose  of  As  this  reduction  la  to  lie  recommeudcd,  since 
arsenifl  com|>oHnda  are  not  easily  iirecipilat«d  by  HaS.  It  is  Also 
very  desirable  to  reduce  stannic  compounds,  since  SuS„  unlike  SnS, 
readily  runs  through  the  filter,  and  being  yellow  in  colonr  may  be 
jniatakcn  forS,  It  will  of  course  be  necesssry  to  try  the  special  tests 
323-336  and  340-342  upon  the  oriijt»af  inlnlion,  in  order  to  aacer- 
uin  in  which  state  As  and  3n  were  originally  present.  If  any  preci- 
pitate, other  than  whitt  eulphur,  is  produced  by  boiling  witll  HjSO^ 
refer  to  paragraph  I0I2. 

1013.  While  the  solution  is  being  boiled  with  HjSOj,  some  H,SO, 
ia  usually  formed*     This  acid  may  partislly  or  completely  precipitale 
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Pb,  Ba,  Sr  as  white  BiilpliBtas.  HjSO,  tany  also  preoiiiiUte  Aii  a>  a 
liDfi  powder,  which  causes  the  cool  liqnM  to  aiipear  blue  by  tronsmittL-d 
nnd  brown  by  rcHeatod  light ;  this  fino  precipitate  renwinii  mspendrd, 
but  ftr]ikrat''B  na  s  hliu;k  powder  nheu  the  liquid  ia  boilocL  Examine 
any  precipitate  which  li»  been  finmed  by  fijSOi  by  Tuhle  Q  (1033). 

101^  Dilutiou  witli  water  mny  cbusb  Bi,  Sb,  Sn  to  fonn  wliito  prrci- 
piWIosof  tlieiroiyihloridos.  These  prrcipitiileiJ  iiiny  be  diarflgardcd, 
since  H^  nailily  converts  thoiu  into  sulphides. 

1014,  H^  orten  produces  a  line  whitt  precipitate  of  S :  thia  n  aiiuied 
by  the  presence  of  certain  oxidising  HnlHlAnces,  EUch  u  CI,  HNOg, 
HCiO^  HjCfO,.  HMnO,,  H^O,,  Fe,Cl,  (loii).  This  precipiUte  is 
known  by  its  perfect  nliiieoesB,  nnd  by  not  being  separable  by  standing 
or  by  filtration  ;  it  may  be  neglected.  Great  care  must  however  be 
taken  not  to  mistake  SnS,  Tor  S ;  it  resemblea  3  lu  runuiug  throni^U 
filter-paper,  but  diffom  by  being  distinctly  ydlow  in  colour  j  it  mny 
often  be  coagulated  by  abakini;  or  bentinj;  the  liquid. 

1015.  Certain  chnnsc*  fniy  lio  obsorvcd  while  H^  is  being  pnaswi  j 
tliey  should  be  carefnlly  noted.  Thus  while  Hg  and  Pb  are  being  pre- 
cipitated by  11^,  the  prMipitatcs  often  slioiv  characteristic  colours  {Iff, 
2B4).  A  solution,  which  la  colonred  reddiah-yellow  by  HjCrO^,  Ikcodibs 
green  ;  a  lolution,  wliich  ia  coloured  pur[ile  by  HMnO,,  beconjas  coloar- 
le«s ;  and  a  reddish-yellow  fotriD  solution  bccomoa  a  ^ale-green  ferrous 
Mlntion,     Each  uf  tlieae  changes  is  attended  by  separation  of  sulphur. 

lOlS.  If  a  yellow  precipitate  fonna  when  the  filtrate  or  solution  has 
been  aalurated  with  }1,S  ind  then  boiled,  tliiu  shows  the  presence  oF 
nn  ancnfe  01  n  stannic  conipounit.  In  thia  case  H^  sboulil  be  pissed 
into  tbe  boiling  liquid  as  long  as  it  causes  any  further  precipitate,  the 
jirecipllation  being  preceded  with  advantage  by  reduction  with  SO, 
(lOll).  Tlie  precipitate  ia  filtered  offand  nlded  to  any  procipilate  wliich 
hu  been  already  obtained  by  H^,  aud  is  then  examined  by  Table  11. 

1017.  SiO,  and  other  substances  may  be  preient  in  tho  insoluble 
rciUuo  which  ii  left  after  evaporation  with  HCl.  SiO,  is  distingaisliwi 
from  any  other  Mibilancci  by  disapiH<aring  when  it  is  heated  with  HF. 

Al,0,.  fegO^  Cr,0,  may  remain  uadissolred  by  HCl,  if  tbey  have 
been  rendeiisd  (Jillioulcly  soluble  by  tho  ignition  to  whiili  tho  rosiJue 
\\tn  been  subjected.  Tiiey  may  be  dissolved  by  long-continued  healing 
with  strong  HCl,  The  solatiun  thus  ohtaineii  is  added  to  the  olh«i 
■alntion  which  ia  to  bo  oiamined  foe  Group  III. a, 

DaSOj  and  SrSO,  may  alsu  remain  undissolved.  They  are  detected 
by  heating  some  of  tbe  resiiluB  strongly  tor  a  abort  time  in  the  inner 
blowpipe- llatne  npon  a  loop  of  platinum  wire,  then  moistening  the 
loop  with  a  drop  of  strong  HCl,  and  holding  it  in  tlic  outer  part  of  the 
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Biinsen-flanie.  Crimson -ro<l  11tab«ii,  nliicL  apjifar  red  tbrough  tbe 
indigo  ptiKiD,  prore  the  presencu  of  Sr  ;  8  yellowish -grEBn  flame-colora- 
tiou  sliowa  that  Ba  ia  preiwiiL  Theae  flume-cola ratioL a  aliould  alio  La 
exnniiiicd  by  the  spectroscope  (113). 

Tlie  Tdllowing  is  n  leas  rupid  metliod  of  detecting  Ba  and  Sr.     Dry 
tiie  insoluble  reaidne  ;  fUKe  it  on  jilatiaum  foil  itith  tliree  or  fc 
as  much  fiuiou  iiiiiture ;  allow  it  to  cool,  then  boil  the  mau  wit&  A 
water  Dutil  it  is  disint^rated  ;  filtur,  wasli  the  reaidue  well  upon  Iha  A 
filter,  aiid  examine  it  by  Table  IV.  (1031)  for  Ba  and  Sr  only. 

lOlS.  Hn  and  Zn  may  arcompany  tbe   ]>recipitate  of   Frt(HO]B] 
Alj(HO)^  CrJHO),  in  Gtonp  IUa.     The  preeipitalion  of  Mu  ia  part]]>l 
]ireveiitr<]  by  keejiibg  the  Ii<[uid  from  ez[Kii(iLre  to  the  air  after  AmHOI 
lias  l<e«n  added  iu  exorsa.     Uut  the  farther  prccauliun  should  be  taka 
of  diasolviog  the  prccipitati.',  wbich  baa  been  produced  by  AmHO,  i 
UC'I,  and  repreci  pita  [log  it  by  AmHO:   tbe  liquid  is  then 
Slid  tlie  filtrate  ia  added  to  the  fillrate  wliich  was  originally  aeparateil  ^^ 
Jroiu  the  Oroup  III.A.  precipitate.    This  trealment  of  the  prptipitale 
■honld  be  repeated  sereral  times,  if  aniall  iiuuitltics  of  Zu  or  Mu  h«re 
to  be  looked  for  in  the  presence  of  A1  or  Fe. 

It  is  better  still  to  precipitate  Groups  III.A.  and  III.B.  to^'ethrr 
(1058),  and  to  Gzatuiue  tbe  preoipitatu  by  Tables  IIl.c,  III.D.  (1063. 
1064).     See  rules  gireu  in  paragraph  loSz. 

1019.  Tbe  nitrate  or  solution,  afUr  the  addition  of  AmCl  and  AmHO, 
may  bo  coloured  blot  by  Ni,  brovn  by  Co,  or  mldiih-vivUC  by  Cr.HjOj, 
which  have  been  dissolred  in  the  excess  of  AmEQ. 

Tbe  Cr,HiOg  must  be  removed  before  proceeding  to  examine  for  tha 
reniainiug  Groups.  It  is  readily  separated,  as  a  ]>ale  green  flocculent 
]irecipitate,  by  boiling  the  liquid  for  a  sbort  time  in  a  i^orcelsin  disli, 
a  little  more  AmHO  being  added  if  the  li<|uid  dues  not  smell  of  NH, 
after  it  has  been  boiled  (or  a  short  time.  This  precipitale  ia  filleied  off, 
and  th  liltrote  ur  h  examined  for  Groups  11I,B.,  IV.,  and  V.  by 
tbe  C  n  ra  T 

Tb  h     animoniiK^Bl  liquid,  nbicli  is  caused  by  Ni 

or  Go        n  d  by  boiliiig  the  liquid. 

1020    A  b  own       d  rk  colour  in  the  filtrate  from  the  Qronp  niB|| 
precip  a       h  w      ha    Ki  is  present,*  Ihe   colour  being  due  to  tli^  I 

*  If  Gron]a  III.A.  and  III.B.  have  been  precipitated  together  \>j 
AuiCI,  AmHO,  and  Am^  added  in  succession  (1058),  ttia  colotatidn  of 
the  Sltrato  may  also  be  due  to  Cr,HgOB.  AVbeu  the  liltrate  which  is 
Li>lourcd  by  Crgll„0^  is  boiled  in  a  porcelain  disli  for  several  niiiiutea, 
pak  green  Cr..HgOe  13  precipitated,  w  bich  ranuol  be  miblakeu  for  Liaik 
NiS. 
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solution  of  some  of  the  Ni3  iu  the  excess  of  joUow  Am,S.  If  lbs 
Ullrute  is  lirown  or  bltck,  it  eliould  be  poarcit  into  a  pori^elaiu  diali 
and  >)oil<Kl  imtil  black  NiS  euitles  down  uid  Uavua  a  colourless  liquid, 
when  Ilie  lamp  is  nmoveil  for  a  few  minutes :  it  may  be  Decesxarf 
to  add  a  liHlo  wator,  tn  order  to  prevent  evaporation  to  dryneM.  The 
liquid  U  then  juased  through  a  small  Gltor,  and  the  black  precipitate 
is  tested  for  Ni  bj  fusing  the  ^«rtioa  of  the  filter-paper,  which  is 
stained  by  the  Ni3,  into  n  cnlourlesi  bomx-bcad.  If  th«  bead  is 
viutft  or  broum  trbile  hot  and  yelloio  when  oold  after  it  has  been  heated 
ID  the  outer  flame,  and  btaimta  grty  or  opmpte  after  it  has  been 
licated  la  the  inner  li&iue,  Ni  is  certiiuiy  present,  and  need  not  be 
furlher  tested  for  in  Table  III.B.  (1028). 

The  colourless  filtrate  from  wbich  the  NiS  has  been  precipitated,  U 
examined  by  the  General  Table  for  Gioups  IV.  and  V. 

loai.  Port  of  the  precipitate,  which  hu  been  produced  by  AniiCO,, 
ofteu  adheres  firmly  to  the  inside  uf  the  vessel  in  which  it  has  been 
produced.  If  this  is  the  case,  ihe  tulie  should  be  rinsed  out  several 
times  with  distilled  water,  and  the  precipilnto  dissolved  by  pouring  in 
some  hot  HA  and  causing  it  to  run  over  the  in»ido  ef  the  tube.  This 
solution  is  added  to  the  HA  solution  of  the  Aui,COj  precipitate,  which 
is  subsequently  made  for  Tatle  IV.  (1031), 
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1022.  TABLE  I.— SILVER  GROUP. 

The  precipitate  produced  by  HCl  may  consist  ot  PbCl, 
AgCl,  and  Ug'jCL; :  the  precipitate  oa  the  filter  is  washed 
five  or  six  timea  with  boiling  water,  the  first  portions  of  the 
■washinga  being  kept  apart ; — 


I,«,  a.  /)«nd  bollefl  with   AmHO.  tnd  tlie  | 

a^«£;sai 

■eid':'*wU^^* 

bat;  Knpeaupntipl- 

he   to  UiB  vublDB) 

SS'si'iSsL 

KSSSSZS 

i'™™«fl/'pa. 

FraenaofAg, 

i',r*idc"'(''?hi''X"'it 

nilibed  Killi  ■  riMl  or 

102^  Table     G. — Esamisation     op     the     Prkcipitatb 

formed     dy     boiling     the     hcl    solution     with 
HJii\.     (See  par.  1012.) 

The  precipitate  produced  by  H^SOj  may  contain  Au, 
PbSOj,  EaSO,,  and  SrSO^ ;  the  last  three  substances  are 
perfectly  white,  and  Au,  if  present,  is  therefore  usually  seen 
by  colouring  the  precipitate  brown  or  black  ;  the  Au  is  also 
usually  visible  during  precipitation  by  H,SOg,  or  after  the 
white  sulphates  have  subsided,  since  it  colours  the  liquid 
blue  by  transmitted  and  reddish  by  reflected  light. 

Eft  and  Sr  can  often  bo  at  once  detected,  if  present,  by 
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taking  a  lUtle  of  the  moist  preci[iitate  on  a  loop  of  platmum 
ivire,  heating  it  in  the  inner  blowpipe  flame  for  some  time, 
moiateBing  with  IICI,  and  examining  by  tho  flame  colora- 
tion teat.  A  more  trustwortliy  method  of  proceeding  is  the 
following. 

Binse  tho  precipitate  into  a  amall  porcelain  dish,  using  B9 
little  water  as  possible ;  dissolve  In  the  liquid  a  small  crystal 
of  H^T  or  add  a  few  drops  of  strong  HA  ;  then  add  AmHO 
until  it  is  just  in  oxceae,  and  boil  for  a  short  time ;  lei  the 
liquid  stand  for  a  short  time,  and  decant  through  a  filter  : — 


liitilut :  poBr  anim  Ihs  ruitdile  In  Uie  dl>h  ft 
UOl  uil  n  fow  droiM  ol  HNiJ,,  heiit  to  bolUi 
■Unii,  and  deriknt  Into  ft  twrpololn  dlih  :— 


frnll  FcSO,  lolulhni  1  ft 

lilKscalorelluDaDdnid- 

dlah  preclplUtd  iliuw:— 

Pramct  BfAi , 


/tuidue:  dr?  br  gontir 
heating  tbe  dlih.  fiue 
vKIi  ruilon  ralitara  uo 
nUtlnum  Inil.  and  ei- 

UieUutpDi 


SALTSIS   of  a   COMrLEX  SUBSTANCE.      [lOM,  1025.J 

1024.  TAULE  II.— COrPER  ASt* 

The  precipitate  prOilitccdhylljS  in  the  IICl  solution,  after haTing 
with  a  eranll  quantity  of  yeCgw  Am^S*  or  vith  miicli  KllV  solu- 
'  ~         "^  GROLTp  II.  ^,— COPPER  GRuijI'. 


1025.  T7ie«»Mitf 

prwlpltalmoilmlli    

puuriinon  It  itrongHNO^tunicisal 


ipleUlj.  and  liMt  ^ucljr  u  Icnu  H 

nu  off.  adillDa  man  itmna  BXOi  U  n»c*HarT  to  nrcvant  Fv&ponMea 

ilrynet*.   Boll  OIT  nearlj  alftbe  sidd,  mdd  ■  Uttis  dllnla  E,SO|,  let  lUad  fur  


Ima,  nurlng  ocetiioaiMj,  and  CUter  1- 


Jinfdiu  111117  cantalu  HfjS 
IW**),  Wiao,  (mKij) :  but 
il  wAi'i*.  the  kbwiMe  ol  Hg 

Ssraoni  the  rcaldtie  Into  1 
I»T«l;LtlJilllh,Uliugullttl( 
w«terupuHlliI«:ii<r>lallttli 
B,f.lhan  AmHOlDeiMU, 


ScMiwihnrirloil 

ud  tiMt  iC 
mi«en  with  dr/ 
IJ4.-C0I,  iJi  a 
nnittl  Dillon- 

or  Ha  ?™''n" 
tlio  udc*  uf  the 
tube,      vrlilcb 

wheu  rnbl)*-!  or 
wtUD  looked  lor 

(UoreiuiouiHJ. 


KiOK>,, 


nitlr  iHti    In 

wUblHit  wiur, 
diuoire  ott  dig 
(Uterbypoortiig 
upon  it  a  fdt 
drapiat  baOittg 
dlluu)   HCL,    let 


Into     a    litrns 

•  mliklneu  ip- 
uF  alMT  itlmng 
■(■nd  lor  luius 


^Ipltnle  prodiimd 


I  abora   I 


tinoa  Fb  and  Sg 


S):  add  HCl    mi 

altar  and  wuh 

plate:  rluae  ttu 

dUuto     H^Q^. 
tbniugh  a  cnion 


lU    Uie    llc,u]^  _ 

lukkly,  iLpvping 

'  preclpitat.   ■  - 

hM^'ina    

idaitar(&otcs^ 


o(  K,FoCy,: 
preslp^ital 


iivdpitAta        I* 
lark  -  CDlo^ad. 


jiy  H^  aa  atMTiy 


Abis  1. — If  tlie  residuo  is  too  small  to  bo  removed,  tlio  portion  of  the  paper 
cnnUining  it  mny  be  cut  tip  nnd  miipd  with  Nii,CO^  For  the  precmtiona 
reqniBtti  in  perEormlng  this  test  nkr  to  ]>ar>srapli  aSz. 

yolt  2,— Another  metLod  of  detecting  Cd  in  the  prtama  of  Cu,  consiiti 
In  adding  ECj  solution  to  the  Llue  ammuniitcal  lii^nid,  and  pu&siaj;  H^  ■  Cd 
if  present  Tails  ss  yeliow  sulphide  ;  Cu  maj-  tlii-n  lie  tested  for  in  the  dltntt^ 
wbich  has  been  boiled  down  conaiileralily  with  oxoeas  of  lINOj,  by  uldiDS 
AmHO  in  exccM,  then  HA  in  excess,  and  K.FeCy,  (298), 

NoU  a. — Unless  this  precipitate  is  filtered  witliout  delay  in  %  coFercd  fniuittl. 
«u>hed  quickly,  and  examined  &t  once.  CuS  is  liahla  to  be  axidiwd  aad  la 
ptM  into  the  filtrate  >s  CuSO,  ■,  \t  \beuiVi»LQ\<»aa  llu^  Cd3  precipitate,  01 


Lm^;bi 


II.  ThB  Held  nitnta  ii  nonnil  iiiU)  ■  llttio  byrlrogei 
(dli,  ;i.  par.  jiS),  in  whloh  U  hu  Iwcii  ootnlnu  00  lirltkly 
tar  aUuut  flra  mlouMa.  being  praduMil  l>]>  Iht  utLun  of 
a  llllln  •tlluM  HCl  u|>on  Mmn  pIiibm  of  Zn.  Tbe  U  !■ 
ItohttxlktUieliil,  uid  the  Inilda  at  ■  imall  purceUIn 
itiih  or  Braolttla  lid  it  prnMd  duwn  npon  Hie  Hibib  ;  ■ 
"  «k  aUlD  whloli  li  D0(  dlaiolnd  b*  ■ulutlou  ol 
uiDiutbiiig-powilin',  ahoiri :— /■rwnca  qf  Sd. 

Th>  realdoe  In  Iha  lluk  la  UUti  lor  So,  u  dlreaM 
In  ths  UK«r  pMl  uf  I.  (above). 

"Hanil  AiiAaniinuulitoarsreadllj'wilableln AipgS. 


h<!  fliiliraly  overlooked  U  present  in  imnll  qnantit;.  It  i*  well  to  pour  ■  few 
dro]«  or  U^  water  into  the  funnol  vritb  «uh  fruh  addilion  of  wuliinfc  iritter. 
^oU  t. — f(^il«  S  will  alxrtyi  be  precipitated  bora,  if  t/'ll'^  ammaiiititD 
I  mlpliiile  lias  been  oiwd  above.  Trace*  of  the  aQljtliiJM  are  detBPl«l  hy  ihak- 
k  ing  up  a  ptrt  of  the  white  liquid  with  benione.  The  colaured  aulphidv  itaoeii 
ft.»t  tbciurfnce  of  cootoct  of  the  boDune  with  the  Kid  licjuid. 
k  i^olt  G. — The  detection  of  As,  Sb,  So  b;  tbe  metliod  given  iu  ioa6  is 
fttimple  and  rapid.  It  is  exi'etted  in  delicncy  nod  trust  mo  rtMncAfi  b;  tbe 
■fnetbodt  givea  in  psrajtraphe  346  aud  347 ;  but  tliese  nietliodft  need  not 
Bb«  reuirled  to  nnlesa  Aa  or  Pt,  or  Iracoa  of  Ai.  Sb,  Sn  have  to  ba  tuited  for. 
I     XaU  i. — The  Sb  dupssit  oil   tbe   Vt  mty,   after    riosiog   the  foil,    be 


ANALYSIS  OF  A   COMPLEX  SCBSTASCK.  [lOS?.] 

diuolved  by  beating  the  Pt  ia  &  Ust-tabe  wilb  a  little  \eij  Jiluta 
UNO,.  On  cooling  tliis  aolDtion,  diluting  it  aud  jiastiug  H,S,  au 
□range-red  [inciinbile  nill  form,  eitlier  at  nuw,  or  nfler  the  liquid  lus 
ttood  for  sonia  Loan,  conGnning  the  Pmenn  of  Sii, 

Xote  7.— The  {nauge  of  H,S  into  the  HCl  HJiitian  in  the  Oenenl 
Table  (1007)  mif  have  already  indicated  bjr  the  coloar  of  tlie  snlpblile 
precipitate,  or  by  precipitation  occorring  only  on  application  of  heal, 
whether  As  anit  Sn  were  originally  pn^tent  in  tbe  •out  or  -u  Condi- 
lion,  ir  this  is  not  certain,  tesU  3Z3-32G  and  340-342  must  he  tried 
witli  tbe  original  wlutiou  of  the  «iiUt«Jic(-.  ~ 


1027.  TABLE  III.A.— IROX  GROUT. 

Tlie  precipitate   produced  by  boiling,    after  addition  1 
■AmC!  and   of   AmllO   in   excess,  may  contain   Alj(HO; 
Cr.,(HO),;,    FeaCUO)^;    tbe   colour  of    tbe    precipitat«   ■ 
tiEuatly  shoir  wbetber  it  conbuns  any  quantity  of  Fej(HO( 
(rcdUish-brown),  or  Crj{HO)u  (pale  green),  since  A]^(II0)^4 
colouiless. 

Diseolve  the  precipitate   in   a  little  boiling  dilute   ', 
(100.  d,  e,  f),  add  to  the  solution  pure  KIIO  or  XiiHO  und 
the  precipitate  remaina  after  tbe  liquid  has  been  stirred,  1' 
add  KHO  or  NaltO  in  considerable  excess,  boil  for  s 
time  and  filter  ;— 


AUBO)i  ill^iolvcU  In 
BiLeMotXaUOiifK 
Is  sreen,  Cr^l}\  li 

Iw  prrciplCnted 


byl> 


Oltni 


ling  in 


■light  el 
■light  eiceu  (toj) ; 
pKClpltKte  ahoiri  :- 

Ji'<Xa.  -  SDdtnm  in 
potaulaoi  hjdintciu 


:.  i>ncipi:{iiUDin]'e'>>>t>lnrr/II0)guid7c^(HO)^    '. 
irj  upon  the  tUIcr.  canlully  ivuMins  eburlns  O" 

Kp«:  nhea  lUindcnlljr  JrluJ  llm  uiluUDoe  "* 
Te  ihrunk  cuoildenblr  iDlo  imall.  hard,  o 
toloured  ploca;  deUch  ttuM  trotn  tbe  nUr~ 
tou  tbem  vltb  a  Uttia  Hlld  NaXO,  aod 
upon  a  pteca  of  xdatlBom  fcA.  mCtaBr  aav 
npOD  a  pipselajr  triaoela  or  held  In  tb 

Ouue    by  crucible  tongi.    COnUan*  t.. .. 

br  beating  the  under  inrtiice  at  the  toll  la  fl 


pipe  Hami 


mall  pnnjsUIn  dlih  with  water  unUl  the  ii 
■uuii;!  is  eoHreljf  diunlved  or  only  ■   "— -"-  ■^— 

Kwdor  (FsgOO  remain!  nuiUuolied ; 
11.  alias  tho  powder  to  lettl^  aa< 
llqald  throngb  a  Oiler: — 


3.Pfl[ra«wlIlbere!IowU 
Cri.pre.Bnl  (note  s). 


bt  ^e  odIdut  bocomlnif 
reddl.b,  boll  lor  Ktenl 
TDlDnte.,tben  add  PbA, 
toluilon;  a  esUow  pre- 
clpiUle  iltuwi  :— 
Ptetcnti  y' Or  (note  3). 


Prrtrnf  of  Ft  (note  t) 


[102S.]     TABLES  III.JL,  IILB. — IRON  AND  ZINC  GE0UP8.    3G9 

Holt  l.—lfMo  Vina  jireaent  ia  tlio  original  aitbsUnce,  it  ia  often  pre- 
cipitated more  or  leas  completelj  with  the  Fe,  and  niil  he  iletecled  by 
jtii]iarl{ng  to  (he  fiueil  maas  a  bliiiah-|^eeii  colour.  Tliis  should  be 
iioi»d.  BB  tlie  Mn  may  poisibly  be  entirely  precipitated  in  this  Group, 
Rnd  will  not  then  b«  deteoted  in  the  uext  Group. 

A'o/e  2. — The  greon  colour.  Jus  to  Iha  praaance  of  Mn,  conneala  the 
pale  yellow  colour  dua  to  Cr.  But  when  tlio  cool  mus  is  diasolved  in 
Viiter  and  tlje  lolution  is  bailed  with  HA,  the  iiiaDganfae  coloration  is 
■teatroyed.  The  yellow  <?olgQt  duo  to  Cc  then  bei:ornea  evident,  after 
any  durlc-coloureil  prccijiitate  has  been  removed  liy  Gltratian. 

A'u(«  3. — Cr  may  have  hceo  present  m  *  chrnmlc  salt,  in  which  Cr 
replaces  tlie  hydrogen  of  an  acid  ;  or  aa  a  chroniuto,  in  which  Cr  U 
united  will)  oxygen  to  form  an  acid-rndicle.  Aaccrtain  in  wliluh  stnte 
Cr  was  present,  by  boiliug  same  of  tlio  on'giasl  snbatKnce  with  NajCO, 
solulion  and  filtering.  A  yellow  filtrate,  which  aftor  it  has  been 
■cidilini  with  UA  gives  a  ycllon  precipitate  with  PbA,,  shows  tbat  Cr 
was  pr*stnt  as  a  chramaU.  If  the  Cr  was  previously  combiued  witli 
an  acid-radicle  as  a  chromic  salt,  ft  will  remain  undiswilved  as  green. 
Cr(HO)s,  and  will  not  colour  the  liltrate :  it  ia  found  by  2  in  the  pre- 
ceding,' Table, 

A'ole  i. — Fb  is  always  detected  here  as  a  farrio  salt :  since,  even  if  it 
was  originally  present  aa  a  ferrous  compound,  this  will  have  been 
converted  into  a  ferric  salt,  when  tlie  solution  is  boiled  with  UNOj, 
before  Group  III.A.  is  precipitated  in  the  General  Table,  In  order  to 
auertain  in  whivli  condition  Fe  was  present,  same  of  the  original  anb- 
■tanoe  ii  trailed  with  HCI  in  a  special  a]<;iaTatui  (figa.  40,  4t,  par.  B6), 
tiig  aolution  is  filterod  if  necessary,  and  then  divided  into  two  ports. 
To  one  [Kirlion  freshly  made  solution  of  KjFeGyg  is  added  {A'oU,  aoi), 
a  dark  blue  precipitate  shows  the  Frestna  of  Fe"  {Ferromm) ;  to  an- 
other cortion  KCyS  is  added,  a  blood-red  oolaur  shows  JVewaw  ef  Fe'" 
(Ferriatm). 


I 


1028.  TAULE  IH.D,— ZINC  GROUl'. 

The  precipitate  produced  by  Atn^S  in  the  solution,  or  in 
the  filtrute  from  Group  III.A.,  may  cDRtatn  ZuS,  MsS,  NiS, 
CoS.  The  colour  of  the  precipitate  will  usually  show  whether 
it  contains  any  quantity  of  NiS  or  CoS  which  are  black,  or 
consists  only  of  MnS  (pink)  or  ZiiS  (white). 

Tlio  presence  of  Ni  will  have  been  indicated  by  tbe  blue  colonr  of  the 
filtrate,  which  woa  obtained  after  boiliug  with  AiuHO  in  Ibe  General 
Table,  and  by  the  dork  brown  colour  of  the  filtrate  whicli  was  obtained 
after  boiling  with  yellow  Amt3.  If  the  bUclt  prooirit"l«,  which  wb» 
obtained  by  boiling  tlie  dark  brown  liltrate  IVoui  Ani,S  (I03o),  haa  been 
proved  by  the  boroi-bead  to  be  NiS,  the  further  teita  for  Ki  in  the 
loUowing  Table  may  be  omitted.  


I 


370  ASALTBIS  OF  A   COMPLEX   SUGSTASCE.         [iCBJ.] 

KenioTB  the  precipitate  from  llie  iilti]r  tvith  cold  dilute 
ECI  ill  the  way  described  in  par.  100  c;  take  out  the  paper 
and  allow  the  liquid  to  stand,  occasionally  stirring  it  well. 
The  precipitate  will  either  dissolve,  leaving  only  white  sul- 
phur, in  which  case  the  milky  liquid  may  he  at  once 
examined  by  1030;  or  a  black  residue  will  be  left,  which 
must  he  fjllcrej  olT  and  csamincd  by  I029,  the  filtrate  being 
examined  by  103O. 


CoDMd  nritlie  further 
teatod  for,  tint  II  Mir 
donbtailiUuIoUie 
pt«anw  iif   >'l  tli8 


Srovn  or  vef/'nir  beatt, 
vlieDcold  ftflur  fiuibg 
It  In  UiB  outer  tUnis. 
which  bflcomct  ffrej/  ot 
DpaaTM  la  the  Iimer 
&UDB  tbam /■rumca 


(nrthsr  eumlni- 


Dinllnis  hue  on  coollnc 
Inim  tliB  outer  lUune,  Indt- 
cKtu  llwpmlnU*  prtMnea 

Bjumlne  the  reniiu'nd'er  ot  «• 
hhick  r«jriue  u  dlre«t«d 
lwk><rrw.VI>i]dCo.<iTlar 
Co  alone  U  M  hoa  been 
■Ireiidj  diliKtitd  bjr  {«ai^ 


•lloh,  uilng  u  little  water  a*  poealbie:  poor  Id  a  litUg  ctnmg  ItCl 
■ninB  time,  addlog  acculaantlr  ■  nuall  erratal  of  KCln,,  nntli  the  blaca  nnaiieu 
olillrel)'  diuolnd  or  onlj  ■  imall  qnanUtr  al  dark  lUlpbar  nniajni:  tlien  boll 
iluwu  uenrljr  to  drroeu,  a  blue  Unilld  •howi  prarna  tj  Co  ;  diluta  iilUi  a  lltllv 
water.  Oiler  tt  nareunrr  into  a  bofUnK.tnba  and  puur  lu  KCy  lolotlon  iluwl>  nnlU 
the  precliritBte  fanned  at  Hnt  It  tut  rediuolicd.  boll  briikl)' tor  eorenl  mioDtea, 
and  odd  DUdh  itroajt  HaOGl ;  c.r  nuke  decidedly  alliiillRe  with  .VaUO  and  add 
much  Br-water ;  heat  nearly  to  boilliiK,  and  allow  tbo  liquid  to  itaud  at  Icait  Ua 
nituutei,  niter  *  1— 


•nrrCpffnti    {ft(o(*):     wart. 

DnratKl  iuattadrineu.  the  mldue  dinolved  In 
water,  eioew  of  SHOulded  to  it.  and  an  j  precW- 

camtaie  black  Is  the  inner 

•  If  this  (ireripitsle  niUien 
(olved,  an«r  the  IIc)iit.I  hiu 
boiling  UCl  ;  from  this  eolu 
hHO  aiiJ  iho  prei'iiiiuto  i 


I  tn  the  nMes  of  the  boi1lii|>  tube,  it  ii  di»- 
jeen  emyilied  ont,  hy  iKinring  in  a  liltia 
ion  tl^fl  Ni  ia  prrctjiitjit^il  by  aJditioit  of 
filtered  oS  anil  tested  \ij  tUe  Loibi  IwbiI 


[1030,1032.]  TABLE   Vf. — BABIUM   GRODP. 


run  >  pnnion  or  II 
....  wlU  Ht^O,  uid 
KKO,  im  pliUtiumtaUi  ■ 
tiluiili  gmsn  nimi  Is  ob- 
Ulnod  un  coollnK,  ihowlng: 

Pruaun^ltn. 
yo/t— Un    nuf    bsTS    been 
oitelniLU)'    tirciaiit     either    re- 
placing H  la  an  icld.  or  <om- 


I 


*U){uuil«     It    li    purple; 

>K  the   HCT    lolutliln    (or 
time,  or  oa  puiliig  U^ . 


J'raenct  Iff  Zn. 


JTo**.— From  i  dilate  mlotlnn  of  Zii(HO)j  In  NaHO 
the  ZnfHOh  li  preolpltited  un  bullbiR:  hence  arter 
iddlDE  Niifo,  u  directed  >ha>e.  the  liquid  mart  not 
be  Imded,  el»  Zn  might  be  piecipltiled  with  Uw 
Mn{HO)]  and  eicape  delectlon. 

But  by  dllutlos  and  boUIng  the  nbore  flllnte,  It  It 
niuillj  ponlble  to  oiiuB  vtj  Zn<HOW  whioh  11  boldi 
In  inlatloD  to  pnutpltBte.  oipecWliy  1(  Che  ■Ikallnltjr 


It  redoindbjei-— ^ 

"-'--■  vi  nkke  IhellQUlda 
lim  U»  Ik 


It  thla  precipluta  I*  (epamted  by  poorliw  ih*  liquid 
throngh  ■  doable  Biter  and  li  then  dlHolVed  nil  (ha 
"     -  —'  "--    '■-    0(  tba  brfUng  tnbg  bj  >  liltlv 


1031.  TABLE  JV.— BARIUM  GROUP. 

Tlie  precipitate,  which  has  been  produced  by  AnijCOj,  may 
contain  BaCOs^  SrCOj,  CaCOn.  It  ia  to  be  woll  washed  with 
boiling  water.  Before  the  whole  of  the  precipilnte  ia  liis- 
solved  off  the  filter,  much  may  usually  be  loarnt  by  making 
an  examination  of  the  flame-coloration,  which  ia  yielded  by 
the  solution  of  a  part  of  the  precipitate  in  JICl  {IO32).  The 
results  thus  obtained  aru  afterwards  contirmod  in  the  wet 
way  by  par.  1033,  or  by  the  quicker  method  in  par.  IO34. 

1032.  Exnntinali'm  by  Flame-Coloralum. — Take  a  email 
quantity  of  tlie  precipitate  off  the  filter  upon  the  end  of  a 
glaas  rod,  and  dissolve  it  by  moving  the  end  of  the  rod 
about  in  several  drops  of  HCi  on  n  watch-glass;  dip  into 
this  solution  a  loop  of  platinum  wire,  which  imparts  no 
colour  to  the  flame ;  then  hold  the  loop  for  some  time  in  the 
Bunsen-flamc  :  repeat  these  processes  if  tlie  coloration  is  not 
satisfactorily  observed  at  first.  Ca  will  impart  to  the  flame 
a  ijellowitih-Ted  colour,  Sr  a  crimson-red,  Ba  a  y&llowith-ijrcm. 
The  red  colorations  yielded  by  Ca  and  Sr  are  distinguished  . 
bj^m^nc^e  .feme   thioagb  the  indigOTmsm ;   tho  C^ 


ANALYSIS   OF  A  COMPLEX   SUBSTANCE.  [lOSS, 

jliMs  coloration  then  appeara  dimjij  green,  while  the  Sr  coloration 

remaining  after   the    other    colorations   have    (lisap]>oare(l. 

"  are  apt  to  interfere  with  one  another  ;  but  if  at  any  time  a 

''■  present ;  if  a  green  coloration  is  visible  without  using  the 

may  also  be  examined  hy  the  epectroscopo  (II3}. 


1033.  Ezaminaiion 
HA  ;  boil  the  liquid  ; 
not  acid  in  tcactioit,  1 
the  larger  portion  (B). 
refer  to  column  I.  boli 
cipitato  thou  forma  refer  to  II, 
by  III.  or  by  VI.  (1034). 


n  ilie  Wet  Way. — Dissolve  the  rest 
id  pour  it  again  through  tho  tilter,  if 
ix  more  IIA  with  it,  then  pour  off  a 
Cool  portion  {A)  and  add  to  it  several 
V,  or  to  IV.  {1034) ;  if  no  immediate 
V.  (1034):   if  no 


I.  An  immcdiaU  yrccipiUile  u  produced  bij  CaSO,  in  the  cold,  thoviing 
Frcscna  of  Bn . 
Portion  {B)  must  tlien  ba  testud  tor  8r  iinJ  Ca  whiuh  may  also  bo  pre- 
sent :  eianjiUB  it  m  directed  below  : — 
Add  K,CrO,  lolatioa  until  tlia  colour  of  tlic  liquid   is  reddish  yellow; 
heat,    snd    filtM  through  a    double  filtor-pa[wr,   pouriDa  Ibu    filtrata 
through  t!ie  saait  filter  repeatedly  if  necesaiiry  until  the  liquid  ia  quite 
elnoT  ;  then  add  to  the  liquid,   which  must  be  orange  red  iu  colour, 
AmHO  until  the  oolour  changes  to  {lale  yellavr,   then  add  Am,COt 


A'o  predpilate /onas, 

showmg : — 
AbsoKt  B/Sr  and 


A  precipitate  /orma,  showing  Sr,  Ca,  or  both  of 
them,  tube  present.  Addtathe  liquid  Am,CO( 
ill  excess,  filter,  reject  the  filtrate  nnd  dissol'ra 
the  precipitate  olT  tha  filter  ia  na  little  boiling 
HA  03  possible  ;  pour  off  s  small  jiart  {C)  of 
this  solutien,  reserring  the  larger  [lortiou  {Oj, 
To  (O  add  CnSOi  solution  aud  boil  :— 


A'o  precipUaU  fama  : — 

Jbaenet  of  Sr- 

Eiamino  portion  (I>)  for 

Ci  ns  directed  at  (0) 


A  pTtcipilate /ormi:~- 
Frtsertce  of  Sr. 

Eiamins  portion  (Zi) 
for  Ca  as  directed  Bt 
{V),  Column  II. 


1034..  BAEITJII  tiBOUP.— 

IV,  Add  KjCrOj  solution  to  portion  (B)  until  the  liquid  is  coloured,  beat, 
and  lilter  throiijjli  a  double  filter-piiper. 
The  ycUvw  pricipilvte  eoufirms  the  presence  of  Ba. 


1034.']  TABLES   IV.,  IV.A. — BAEIUM   CiROUP,  373 


Btill  appcura  crimson ;  Ba  Is  uguallj  found  bv  its  toloration 
When  &11  three  metals  are  present  together,  tlieir  colorations 
red  colour  is  visible  through  the  indigo- prism,  Sr  is  certMnly 
prism,  the  presence  of  Ba  is  proved.     The  flame-coloration 


of  tlie  precipitate  off  the  filter  by  pouring  in  a  little  boiling 
the  precipitate  is  not  entirely  dissolved.  If  the  solution  is 
small  portion  {A)  of  tlie  solution  into  a  test-tube,  and  put  by 
drops  of  CuSO^  solution  ;  if  an  immediate  precipitate  forms 
precipitate  forma  heat  the  liquid  to  boiling,  and  if  a  pre- 
precipitate  forms  even  after  several  minutes,  teat  portion  {B) 


II.  A  pneipilnts  it  not  farmed  al  onea  o 
Iht  addition  of  CaSO^,  but  appear*  a 
hailing  th4  Itqaid,  tliomng: — 
^liKnet  o/Ba  and  Hvimct  i^Sr. 


Add  dilnU!  U.SO,  in  extern,  bail  and  Iilt«r, 
reject  the  precipiute  ;  add  to  the  filtrate 
MTeml  dropi  ot  ll^Ot  snd  boil ;  if 
this  cause!  any  predpiute  boil  and  filter, 
and  xguin  test  the  filtrate  by  addition  of 
H^O,  and  boiliitf; ;  n!|)eat  this  pmceas 
if  iivcusaBry.  To  tlieclenr  filtrate,  which 
gives  no  further  precipitate  on  addition 
of  U,BO,  and  b<)iling.  odd  Eraduall; 
Ala  110  until  after  mixing  tlio  li<ittid  hy 
lliorough  itirring  or  Blinking,  it  tumi  red 
lilnin»-paper  hlue,  tlicn  add  Am^Cfi^ 
inlution  and  vrarra  gently ;  a  while  pre- 
elpitau,  orten  appearing  only   after  a 

FrcMJiu  of  Ca . 
(Sea  Note,  Colomn  III.) 


111.    No  pTCdpitllU    i$  pT»'  M 

daecd  by  CaSO„  tven 
boiling,  tkoming: — 
Abtnux  of  Ba  and  Sr,  oiui 

JVMfwa  ofCa. 
£>,  Canlinn  the  presence  of 
C'aby  making  porlioD  iB) 
alkatina  with  AmHO 
(I03),tlien  add  Ani,C,0, 
■olution  ;  a  wliita  prucipi- 
tatfl  forme,  showing  ; — 
iYe*e«ce  of  Ca . 


A-ot!.— IfmerotniMBofCa 
hiive  to  be  tested  for,  tlie 
filter'paper  used  in  the  ana> 
lyais  must  first  be  freeil 
from  any  tntcea  of  Ca  it  may 
cnntain  by  wetting  it  with 
dilQtB  HCl.  and  tlien  Ih'i- 
riiuRhly  wa ailing  it  with 
distilled  irater,  as  dvsurihed 
in  the  lost  i>ur.  of  9^ 


TABLE  IV.A. 

V.  ne  Solution  or  Filtrate  miy  eoQl»in  Sr 
and  Ca,  Ddute  with  twice  its  volume 
of  water,  ajd  dilute  II^HU,  iu  excess 
(978),  boil  and  filter. 

The  Preeipitale  is  tuiteJ  for  Sr  by  moiften- 
ing  it  with  strong  HCl  and  examining 
the  QaDiE' coloration  (180)  tlirongh  the 
indigo -prism,  or  the  spectroscope 

Tilt  i'illraU  is  uxaniined  by  Column  VI. 


The  SnltUioa.  or  Filtrate 
may  contain  Ca,  Add 
AniOH  in  e-tceas,  then 
add  Am.CjOj,  nnd  allow 
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1035.  TABLE  v.— POTASSIUM  GROUP. 

T!ie  filtrate,  wliich  remaius  after  all  tlie  Group-reagents 
have  been  added  in  auecession  to  the  original  solution,  may 
still  contain  Jig,  K,  Sa,  and  KH,.  Since,  however,  NH, 
salts  have  been  added  as  Group- reagents,  NK^  rnnst  be  tested 
for  in  the  original  substance  by  ICHO  solution  (989,  I,  3). 
Proceed  to  examine  for  other  members  of  Group  V.  as  is 
directed  below. 

Evaporate  the  filtrate  from  Group  IV.  to  dryness  in  a 
porcolaia  dish,  scrapo  out  the  solid  residue,  and  heat  it  to 
rediiess  upon  a  piece  of  platinum  foil  in  the  Buneoii'flame,  aa 
long  aa  any  white  fumes  are  seen  to  be  given  off  when  the 
foil  is  removed  for  an  instant  from  the  flame  (Note  1).  All 
NHj  compounds  are  thus  entirely  removed.  If  any  residue 
remains  (Note  2),  it  is  dissolved  by  boiling  the  foil  iti  a  test- 
tube  with  a  small  quantity  of  water,  to  wliich  several  drops 
of  dilute  IICI  have  been  added,  BiviJe  this  solution  into 
two  parts : — 


EXAHINATION  Tl 


RUDim  ITDIII  ItUIV  tnci 
ot  Bb,  Sr,  or  C>  whk 
It  ami  pOHllity  con  tain, 
and  wuch  iniElit  elte  l» 
mliUken  for  Jig. 


wheUuir    &    pieeljiluts 

a  Utile  AmCI,  then 
AmSO  in  iiccu,  tbeo 
nyaria  ilropi  of  Am^,0,. 


uiil  Atu^>,  cauuM  nil 
further  preclpEtite.  add 
NiillPO,,  and  Ifnopni- 
diHtatc  lonoa  at  once 
warm  g*'"')'.  ili'le  or 
atlr  tbe  liquid  ilolmiU]' 
andletit  tUndlorBunie 


oliuir  poHion  proceod  to  teat  tor  K  nnd  Ki 


Fiaiiu  mliTufiDfL — IMp  Into  thfl  solution  a  lattp 
at  platinum  -niro  ■bicfa  hni  been  provrri  nut 
to  iQipart  anj  culgur  to  tlie  Hame,  HoW  tUe 
loop  III  tlie  lliiiunn  Ubiuii  :  odd  ul  tlie  lulluu- 
lus  rE«uI18  wUl  bo  obMrveU  >- 


ins       tui      ooloration 
u^h  the   Indlgu-priim ; 

urtirliiblu  K  laprobablT 


coloTiilitmt     a 

red  tbroiigh  U 
IndluO'prftl 


ol  a  iriiilQVi  oreclpilalo  iliims  ;— ' 

Sen  (141),  and  Nn(c  t,  botow. 


•  TraCBB  of  B»,  Sr,  Cs  may  Ti 


Q  lut precipitated  lij  AmjCOj, 
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A'ute  ].— If  tie  resiilua  is  small  in  amount,  it  liisy  be  ignited  in  lUe 
disli  ;  but  tliii  is  not  to  be  generally  recommended,  aince  the  porcelaiu 
diiili  U  liable  to  be  cruked  by  Ihe  lieit,  and  it  is  also  difficult  to  get 
entirely  rid  or  tbo  NH,  salts  by  ljeat;iig  tli«  resiJue  iu  porcelain, 

Kate  2. — It  is  not  safe  to  place  mucli  reliineo  u[>oii  on  eisminntion 
nf  tliB  foil  for  the  detection  of  k  small  quantity  of  residue,  but  it  may 
luuilly  be  detected  by  praducio};  a  cmckling  noise  nbile  tba  foil  is 
cunling  immediately  tfter  its  removal  frani  tie  flame.  Should  there 
bn  any  doubt,  tbe  foil  must  be  boiled  Kith  water  mid  n  drop  of  HCI, 
aud  tic  solution  examined  for  Mg,  K,  and  Ka,  as  is  directed  above. 

A'ote  3.— The  eiaoiiiiation  of  this  Bums -col  oration  by  means  of  tie 
fpeetroscope  (113)  will  naturally  suggest  itaelf, 

A  yellow  coloration,  more  or  leRa  intense,  will  almost  always  be  ob' 
taiuud  here,  svnoa  most  substauoi's  and  reagents  contain  smnll  quanti' 
lies  of  Na,  Hence  the  studBul  must  note  tlio  intensity  of  l!iB  colura- 
tioD,  and  Judge  from  it  whether  tlie  quantity  of  Na  is  small  or  UrKo, 
The  test  fur  a  trace  of  Na  ia  usually  innde  ii]>ou  the  ori^iial  aulslancc. 

NvU  i.—lt  ioiline  is  iireaent,  PlCl,  will  proiluco  an  intense  red 
coloration.  Hence  if  iodine  is  «u»i>ected  to  be  present,  the  shnva 
solution  si Lonld  1h  evaporated  to  dryness  with  a  little  strong  llKOg, 
and  the  residue  dissolved  in  a  few  drogie  of  dilute  UCI  before  it  is  tented 
for  K  with  FtCI^.  This  is  of  course  unnecessary,  if  the  aolation  baa 
already  been  evaporated  lo  dryness  with  UNO,  before  precipitating 
GrouplII,  in  the  Genurul Table.  In  ca«)  of  uneertaiuty,  oilU  FiCli  to 
a  drop  only  of  the  atiove  solution  ;  and  If  iodine  is  found  to  be  present, 
proceed  as  is  directed  above. 

A'ote  G,— Mere  traces  of  K  and  Na  may  be  detected  by  adding  , 
PtCl,,  Biid  tiicn  evaiioroting  the  liquid  to  drynens  iu  a  porcelain  dii>ii 
ufiou  a  water-bath.  A bsol u te slcohol  is  then  poured  inlo  the  diah  and 
stirred.  Any  yellow  roiiJiio  hhows  the  PraeiKt  of  K.  The  solution 
will  give  tie  pure  Na  coloration,  if  Na  is  present :  and  if  the  yellow 
residue  is  filtered  otf  and  waiilied  with  abaolutc  alcohol,  it  will  yield  the 
pure  lilac  flame -coloration  of  K. 


Examination  for  the  Rarer  Metals,  and  por 

OnoAKlC   SlilSSTAMCBB. 

1037.  The  SyBtcmatic  ExBtninotion  for  the  more  com- 
monly occurring  metala  is  now  complete.  If  llio  Karor 
Motals  liavo  to  be  loukcd  for,  attention  must  be  paid  ta  the 
Bpecial  Tablpe  given  in  paragrnplia  1090.  IO91. 

The  dclcctioii  of  Organic  Substances  is  provided  for  iu 
jiaragrupba  IO92,  et  seq. 
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1038.  TABLE  OF  SOLUBILITY. 
A  blank  BJjjnilies  tlut  the  solubility  is  unkBOwn  or  iiDimportBiit. 
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Refer  to  pir.  1040.     Tlie  Eolnbilit;  of  k  coinpoimil  is  deuotetl  by 

w.  Signifies  soluble  in  wnter. 

A,  Soluble  in  tlie  acids  HCl,  HNO,.  nnd  aqua  regia. 
a'"-  Soluble  io  mnriatic?,  or  liydrotliloiic  acid. 
B*^  Soluble  in  nitric  acid, 
uuiu.  Soluble  in  a  mixture  of  inariatiF  and  nitiicadd*,  or  aqua  rcgiR^'i 
hut  not  in  either  acid  separately. 
i.  Insoluble  in  water  aod  in  icida. 
v.a.  Lottera  tlius  piacecl  togetlivr,  with  a  atop  between  tlietn 

tliat  in  dilTcrent  stales  the  substance  shows  the  dilTereutsoIl 
bilities  denoted  by  the  letters. 
TT-a.  Letters  connected  b/  a  bypben  indicate  that  tlie  tnl'ittnce 
only  slightly  solnble  in  the  first  solvent,  iind  may  thcrefd 
partially  TsU  under  the  class  denoted  by  the  second  letter. 
T.b.  Decomposed  more  or  less  by  nincb  vaier  with  formation  ot 
basic  salt,  vhicb  is  insoluble  in  water  but  Koluble  in  1   " 


[lOSB,  1040,]       KXAMIKATION   FOR  ACID-KADI CLE3. 


EXAMINATION  FOR  ACID- RADICLES. 


ISTiiODtrcTonv  Remarks. 

1039.  In  conducting  the  Exnminatioti  for  Acid-radicles, 
much  time  and  trouble  may  usually  be  saved,  1jy  consideiing 
which  of  these  radicles  can  possibly  bo  preBont.  The  pre- 
ceding examinatiou  will  usutilly  have  limited  the  number 
considerably  (104I);  but  it  may  bo  further  reduced  by  a 
cocaideration  of  the  metals  present,  and  of  the  solubility  of 
the  substance  under  analysis,  aided  by  a  icfereuce  to  the 
Table  of  Solubility  (IO38). 

1040.  Table  of  Solubility.— The  Table  on  the  preceding 
page  has  been  drawn  out  to  assist  the  analyst  in  the  above 
consideration. 

Only  commonly  occurring  compounds  are  contained  in  this 
table  ;  the  solubility  of  other  substances  may  be  obtained  by 
reference  to  a  Dictiunanj  of  Solubililiea. 

TJte  Table  it  thus  arranged.  In  a  horizontal  line  at  the 
head  are  placed  the  symbols  of  the  mora  commonly  occur- 
ring metals,  which  yield  salts  or  basic  oxides.  In  the  vertical 
column  on  the  left  is  a  list  of  that  portion  of  the  names  of  the 
compounds  of  these  mcluls,  which  corresponds  to  the  acid- 
radicle. 

To  find  the.  Saluhilily  of  a  Coinjmind  of  any  one  of  the 
metals  which  ore  placed  at  the  top  of  the  Table,  glance  down 
the  vertical  column  which  is  headed  by  the  metal.  The 
letter  which  indicates  the  solubility  of  tlie  compound  will  be 
found  in  a  horizontal  line  with  the  acid-radicle  portion  of  tlie 
name  of  the  compound.  Thus,  in  order  to  find  the  solu- 
bility of  zinc  sulphate^  it  is  only  necessary  to  glance  down 


the  reitical  column  nitli  Zn  at  its  lif  ad  :  on  a  harlzotital  line 
M'iLli  fu/j)hale  stands  tho  Utter  w ;  tUia  indicates  that  xiuc 
eulpliate  is  soluble  in  water, 

Tlie  Wat/  in  whieklhit  Table  is  meJ,  after  tlio  Eolubility  of 
the  substance  under  analysis  has  been  ascertained,  and  aiter 
the  metals  which  it  contains  have  been  detected,  may  be 
explained  by  an  example. 

In  a  substance,  Kliith  trag  enlirehj  sduhle  in  wafer,  the 
metals  K,  Ba,  Ag  were  found.  A  glance  down  the  columrp, 
lieaded  by  these  three  metals,  shows  at  once  which  acid- 
radicles  may  be  present. 

All  acid-radiclea  might  be  present  combined  with  K,  since 
all  its  salts  are  soluble  in  water.  But  the  presence  of  Ba  in 
a  substance  which  is  soluble  in  water,  shows  that  SO^,  PO^, 
COj,  BO^,  AsO^,  CrOj,  and  F  cannot  be  present;  since  these 
acid-radicles  form  compounds  with  Ba  which  are  insoluble  in 
water,  Ag  excludes  in  addition  S,  CI,  Br,  and  I.  Hence, 
of  the  more  commonly  occurring  acid-radicles,  NO,  only  need 
be  tested  for. 

This  example  shows  how  much  the  examination  for  acid- 
radicles  may  often  be  simjiiified,  when  the  metala  which  are 
present  in  a  substance  and  the  solubility  of  tbu  substance  are 
known. 

1041.  Several  Acid-radicles  will  probably  have  been 
satisfactorily  tested  for  in  the  Preliminary  Examinations. 

In  case  their  reactions  have  been  interfcced  with  by  the 
presence  of  other  substances,  the  analyst  should  refer  to  the 
reactions  for  acid-radicles  in  the  Fourth  Section,  and  select 
one  which  will  be  decisive. 

The  Exaraination  for  Metals  mny  also  have  yielded 
proof  of  the  presence  of  certain  acid-radicles.     Thus  : — 

A  green  alkaline  solution,  becom- 
ing purple  when  it  is  dihitud  or 
acidified,  shows  .        .        .     Pnsence  of  (MuO^)" 
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EXAMINATION  FOE  ACID-EADICLKS. 


A  reddiBh-yellow  solution,  becoming 
green  and  depositing  sulphur 
when  HjS  ia  passed,  shows  , 

A  purple  solution,  becoming  colour- 
loss  wiLli  HjS,  shows  . 

A  yellow  precipitate  of  As.,Su  with 
II„S,,  wliich  appears  only  when  the 
li<ifiid  is  boiled,  shows 

An  insoluble  residue  of  SiO.j,  after 
the  hitratfl  from  the  llji  group 
has   been   evaporated  to  dryness. 


J'Tesenee  0/  {CrOJ' 
Presence  of  {MiiO^y 


I 


Pre. 


•f/UI'O,)" 


Presence  nf  {SiO^)" 


Pretence  of  {POJ" 
id -radicles  has  been 


And   n  yellow  precipitate  obtained 
with  AmllMoO^,  before   precipi- 
tating Group  III.,  shows 
If  the  presence  of  any  of  these  at 
det«oted  in  the  above  manner,  it  will  require  no  further 
confirmation. 

Of  the  Acid-radicles  which  remain  to  be  tested  for,  some 
con  bo  detected  by  the  plan  drawn  out  in  paragraphs  IO42- 
1047;  others  are  most  easily  found  by  applying  special  teats 
to  the  original  substuoca  (I04S~I056). 


GENERAL  EXAMINATION  FOE  ACID-RADICLES. 

1042.  Bemoval  of  Uetale. — Before  the  following  tests 
are  npph'ed,  it  is  advisable  to  remove  from  the  Eubstance  any 
metale,  other  than  K,  Na,  and  NH,,  which  it  may  contain, 
sineo  some  of  these  might  be  precipitated  by  the  reagents 
which  are  added  for  the  detection  of  the  acid-radiclea.  It 
al kali-metals  alone  are  present,  this  separation  is  unnecessary, 
since  tliey  are  not  precipitated  by  any  of  the  reagents. 

This  removal  of  the  metals  may  usually  bo  effected  by 
boiling  B.  portion  of  the  finely-powdered  eubatonce  with  pure 


I 
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Xa,CO,  solution,  'which  must  be  added  to  tbe  clear  si 
aa  long  as  it  causes  any  precipitate.  The  precipitated  ax^ 
bonates  are  then  removed  liy  tiltration,  and  the  clear  filtiata 
is  divided  into  five  e(|ual  portions.  One  of  these  portions  is 
reserved  in  case  of  accident,  and  a  second  is  kept  for  the  tests 
for  organic  acid-raJieles.  Tlie  other  three  portions  are  acidi- 
fied, while  they  are  hot,  by  the  addition  of  HCl,  HNO3,  and 
HA  respectively ;  they  are  then  examined  as  is  directed  below,  .■ 
a  separate  part  being  used  for  eacli  test.  ■ 

1043.  Some  Hetals  cannot  be  Ootnpletelj  Precipitated  aa  Car-  J 
boDfttei  by  lioiling  the  substance  with  Kn,CO|,  Boiutiou  :  tlie  presence 
of  thrse  metals  in  the  aolutian  in,  bovever,  Frequcntty  of  no  coua«- 
quence,  IT  they  must  lie  preci[>itMt«d,  tlie  addttioa  of  Ain^S,  or  the 
jHUsage  of  H^,  ivill  usnaltj  Geparnte  tliem  bb  insobible  snlpliidca ;  but 
tbe  )iul>sequeDt  separation  of  tlie  excess  of  AuigS  nt  H^,  b;  gmtly 
wnnniiig  the  solution,  Is  tronbleBome. 

Since  the  analyst  knows  at  this  Btagc  ot  the  aimlysis  what  metals 
are  present,  ii  eIidhIiI  not  be  dilGcalt  ta  eeparate  them,  or  to  allow  Tor 
thoir  presenee  Tihile  the  t«sts  for  acid-radiulea  are  Ixiiig  tried. 


Special  Tests  fob  Acid-radiclks  i.n  Solution, 

1044.  The  Three  clear  Acidified  Portions  of  the  Filtrate, 
obtained  by  boiling  the  siibatanco  with  sodium  carbonate  solu- 
tion (1042),  are  tested  by  paragraphs  1045-1047-  further 
special  testa  (1048-IO56)  ate  then  tried,  if  necessary. 

Some  general  tests  for  organic  acid-radiclea  will  be  found 
in  paragraphs  IIO3-IIO6. 


1045. 

I.  PoTtiBn  addlfitd  aith  HCL 

framt. 

•olilbleoubollln»i.v«..  11 f 

prrelplUte  Iniolubre  on  boiling  (.v'Mil)               .  ( 
On  addition  o[  AmCl  and  IubjCO^  a  Mml-tnn»- 1 

On  addition  ol  FeSO,  lolation.  adark  blue  preclpllaU 
On  addition  dI  Fe^l,  MluOon,  a  dark  blue  precipl-l 

(als:  KoSO, fiefdlnga llkiliC blue preclpitiie  .  [ 
On  addition  ot  Fe.Cl,  solution,  a   red  coloration.) 

dutroyedb/pouringlntoliMCljaolutlon       .        .; 

(800- 
CSiFJ' 
(BIOO- 
{feCrtf" 

(Cysy 
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IL  firnttnadaijudta 


Oh  iildltlon  ot  AgNO,, 

eoslJr  Hlubla  Id  AuiK 

Ou  a^Mlticm  of  AeNO,, 


t  purt  ieA)'(a  pnctulliM.) 
i(.iw«l)  .  .  .  .f 
>  linAI  i/iUaig  prBiilplIsd.l 
uAinllU  .  .  .  .! 
iri£l(n>  pTBc<I>l'ati].  nlmoit) 


I 


m.  ParUan  atridifitd  vnth  flj 


1   ot   PbA,   »oluti 


On  iuli[]tlan  ot  (^i?1,  kIuIIod  a  wlilM  nU-l 
tlnoui  precipitate f 

On  id-Iltlnd  ol  CaCl,  m  irhlle  pulTcruleut) 
prociplHtfi ( 

On  >d(litton  of  Fb^,»  yellgwiBli  while  pre.) 


/VektiC 


r',  prol»b1]r, 
(CjOJ-,  proUdWjr. 
(FO.)'".  or(AiO,V". 


KOTES   ON  THE  PBECBnjSO   TaBLE. 

Note].  Uulosi  ttiB  NxgCO,  aolation,  irhioh  was  naed  in  praparinq 
tha  flolntion  for  thew  teats,  n'as  pure,  (S0()  Aod  (CI),  if  detected,  may 
bBVB  becu  present  onlf  m  impurities  in  the  N>,COj  and  not  in  tlio 
original  substsDce  ;  portions  of  the  original  Bubstauce  slioald  tlien  be 
tested  b;  p*rngraplu  1048  and  1049. 

Ifote  2,  The  presence  of  (SiFi)  sliould  be  conlirmcd  by  adding  ECl 
to  another  part  of  the  solution  [611),  or  by  hosting  the  BiiSiF,  pri> 
ci  pita  to  or  the  original  substunce  with  strong  HjSOj  1612]. 

Kots  3.  If  AgNO,  yields  a  black  precipitate,  this  p.'oves  the  pre- 
icnn  of  a  snlpliide,  or  possibly  of  a  tbioinlpliate.  Add  HNOi  mid 
Wl ;  the  black  A^S  will  tbua  be  dooomposed,  Iraring  a  milky  liqnid, 
in  which  sny  other  precipitate  is  readily  weu  after  it  baa  been 
coagulated  by  beating  or  sliaking  tho  liqnid. 

Motel  It  must  be  remembered  that  (Cy),  (FeCy,)",  (FeCy,)'",  and 
(CyS)  are  also  prtctpitaled  by  AgNOj.  Accordingly,  if  thvse  acid- 
mdicles  have  been  alreaily  found,  a  precipitate  produced  by  AgNO, 
does  not  prove  tlie  presonce  of  (CI),  (Br),  or  (I).  Those  Mid-radicles 
inust  therefore  be  specially  ciamined  for,  as  is  directed  below. 

If  chlodde,  bromide,  and  iodide  hnvo  all  to  be  tested  for,  n  potlion 


*  F  will  be  readily  detected  in   this  precipitate,  or  better  iu  the 
original  lubstance,  by  paragTDph  1055. 


ANALtSlS  OF  A  COMPLEX   SUBSTASCE.     [lOtB-tB 

□f  tlie  NiL,CO]  snlutioti  must  be  examined  liy  para^npli  572  or  573  ;  IifV 
tlip  preoiiiilata  olitained  by  AgNO,  (IO46}  may  be  testc-d  by  psragrtpb 
571  fur  CI,  Br,  I.     ir  only  bromide  and  iodide  are  Co  be  tested  for,  um 
]mr»grr.p!i  574. 

Note  5.  If  a  wbile  precipitate  of  PbSO,  is  prodaced  here,  it  mn; 
be  dissolved  hj  adding  AmHO  in  excess  nnd  vmrniingthe  liquid  (a86J ; 
red  baiiiu  lead  ohromate  will  remain,  if  a  cliromate  wbj  preaetit. 


Fdbtiikii  Special  Tests  for  -Vcto-RiDtcLES. 

1048.  Sulphate. — A  portion  of  the  original  substance  i 
boiled  with  HCl,  and  tlie  liquid  is  decanted  ot  filtered,! 
necessary,  and  ia  tested  with  BaClg;  a,  white  piecipital 
shows  the  Pi-esenee  of  SO^. 

1049.  Chloride. — A  portion  of  the  original  substance  1 
warmed  with  IINU^,  and  tho  solution  is  decanted  or  filte: 

if  necessary,  and  is  tested  by  AgXOg ;  a  perfeethj  white  j 
crpitate,  which  ia  easily  soluble  in  warm  AmHO,  shows  t 
Pretence  of  Chloride. 

1050.  Nitrate. — Tlie  clear  aqueous  solution  or  extract  c 
the  BubatancG  is  mixed  with  its  own  volume  of  strong  HjSOJ| 
and   the  liquid  ia  cooled.      Freshly-made  cold  solution  (" 
FeSO^  is  poured  upon  the  surface  of  the  acid  liquid  with 
mixing ;  a  brown  layer  or  ring  at  the  surface  of  contact  f 
the  liquids  (537)  shows  the  Pretence  of  NO^. 

NoU. — If  nitrite  ia  preapnt,  it  must  bo  removed  by  boiling  the  il 
8taac!0  vFLth  excess  of  II A  before  the  above  test  i 9  applied. 

1051.  Cyanide,  if  present,  will  have  been  detected  by  t 
special  tost  (983),  and  by  the  smell  of  bitter  almonds,  givai 
off  by  the  substance  after  H^SO^  has  been  added  (997,  Em 
1).     Ascertain  in  what  form  cyanogen  is  present  by  p 
graph  1084. 

1052.  Arsenate. — This  acid-radicle    cannot    bo 
unless  j\3  has  been   detected   during   the   examination   (ojl 
metals.     The  presence  of  (AsO,)  is  rendered  probable,  by  t] 
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precipitation  of  yellow  Aa^Sg  occurring  only  wlieii  the  acid 
liquid  is  boiled  after  it  bos  been  saturntod  with  li^S  (I0l6)- 
If  Ab  lina  been  found  nmongst  the  metals,  proceed  to  test 
for  (AsO,)  by  adding  HCI  to  a  portion  of  the  Na„COj  solution 
(1042)  until  it  is  acid,  then  beating  to  expel  CO..,  and  adding 
AmCl,  AmFIO  in  excess,  mid  MgSO^.  Filter 'off  any  pre- 
cipitate which  forma  on  warming  and  shaking  the  liquid,  and 
pour  a  few  drops  of  AgNO^  solution  upon  the  white  pro- 
eipitate  on  the  Biter;  a  change  of  colour  to  brown  shows  the 
Presence  o/AtO^. 

1053.  Phosphate. — Boil  some  of  the  original  substance 
^vith  dilute  HNOj,  and  add  a  little  of  the  clear  solution  to 
BOme  AmllMoO^  solution.  Shake  and  stir  the  liquid  well ; 
and  if  no  precipitate  forms,  warm  very  gently;  a  yellow 
precipitate  shows  the  Presence  of  PO^, 

If  AsO,  'bta  been  detected  (1053)  the  above  test  for  FO,  ts  onlj 
tniatvcortliy  when  tlie  yfllow  prucipitAta  hoa  been  obtained  either  in 
tlie  («ld,  or  by  employing  a  very  geiitle  hett.  If  any  doubt  is  felt  con- 
oeraing  the  preaence  of  P0„  l>oil  some  of  tlie  iubntin<^e  with  H^Oj 
■nlution  (lOll),  and  cumino  for  PO,  after  the  AnO^  hss  heeo  entirely 
separated  by  pauiiig  n^S  into  tho  boiling  HCI  aolution.  A  precipitate 
whioli  has  Iweo  obtained  vith  AniHMoO,  mny  ho  prored  to  rantoin 
[iho9ph«te  by  diMoIvintt  it  in  AmllO,  adilinfj  AmCI  htkI  MijSO„  Hlter- 
inf;,  anil  droppinf(  AgNO,  aolation  upon  tha  pnici[iitate ;  if  phoajiliate 
ia  prewnt  llie  vliile  preuipltaic  turns  yeHote,  if  arnenate  ia  pmsent  tlici 
jirei^ipitutu  becDnjes  broicn. 

1054'  Borate. — Warm  a  portion  of  the  substance  with  a 
littlo  dilute  HCI ;  dip  into  the  solution  a  strip  of  turmeric- 
paper,  and  dry  the  paper  in  a  stcani-oven  or  at  n  gentle  heat. 
The  change  of  colour  of  the  turmeric  to  reJdMi-broirn,  which 
bocom^^  Uue-lilack  when  the  paper  is  moistened  with  AmllQ, 
shows  the  Presence  of  DO^. 

1055-  Plooride. — Pour  upon  a  portion  of  the  powdered 
substance,  contained  in  a  leaden  cup  or  in  a  platinum  crucible, 
some  strong  ItoSO^.  Coat  a  watch-glass  with  a  film  of  paraflin 
wax,  and  troce  some  lines  through  t(je  film  with  tho  point  of 
a  penknife.  Place  the  watch-glass  as  a  cover  upon  tho 
metal    vessel,  and   gently  warm   the  vessel   for   about   ten 
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minuteB.  Tlion  remove  the  wax.  If  tlie  Unea  which  were 
traced  aro  etched  upon  tliu  glass  (6o&),  the  Presence  of  F  U 
tlioicit. 

If  SiOj  is  known  to  bo  present  (984).  the  test  for  Suoride 
must  1)6  made  by  conduetmg  Iho  gas,  which  is  evolved  when 
the  substuice  is  lieated  with  etrong  H^SiO^,  into  dilut« 
AmllO;  a,  deposit  of  gelatinous  H„SiOj  proves  the  Pressure 
of  P. 

1056.  Sulphide. — If  Ihtt  presence  of  sulphide  has  been 
indicated  by  the  tests  in  99Z,  997,  and  999,  or  if  the  presence 
of  a  sulphide  is  suspected  und  these  leaU  have  not  indicated  its 
presence,  the  substance  may  be  boiled  with  KITO  for  some 
time,  and  alitaline  FbA,  solution  may  be  added  to  the  clear 
liquid;  the  appearance  of  a  black  precipitate  or  coloration 
indicatea  the  Pneenee  of  Suiphuie, 


Special  Pkccesses  o?  Exauikatiok. 

1057-  This  concludes  the  ordinary  methoda  of  examining 
a  soluble  substance.  Tlie  remaining  paragraphs  of  this  Sectioii 
treat  of  the  special  processes  which  are  sometimes  necessary 
for  the  analysis  of  Ciroup  III.  (1058-1066),  and  proeessea  for 
the  analysis  of  Jletallic  Substances  (1067-1073)1  of  insoluble 
Bodies  (1074-IO79),  of  Silicates  (1080-IO82),  and  of 
Cyanogen  compounds  (IO83-IO89). 

Tables  are  also  appended  indicating  whore  the  Rarer 
Elements  are  detected  in  an  ordinary  analysis  (1090,  IO91). 

A  special  scheme  tor  analysing  Organic  Substances  is  also 
inserted  (1092-IIO6). 

A  list  of  commonly  occurring  Minerals,  with  their  chemical 
formulie,  will  be  found  in  paragraph  I172. 


RE>rARKS  ON  THE  I'KKCIPITATION  OF 
GROUP  III. 

1058.  Separation  of  Groups  III.a.  and  m.ti. — In  the 

General  Table  (1007}  it  is  assumed  tliat,  in  the  absence 
(if  phosphate,  the  two  Sub-groups  III.a,  and  III.u.  can  1>q 
aeparatad  from  one  iinother  by  adding  first  AmCl  and  then 
exoesa  of  AmHO  lo  the  sohitioii.  It  is  assumed  that  (Iroiip 
IK.A.  alone  will  be  thus  precipitated,  and  that  (jroup  Ill.n. 
will  tie  afterwards  precipitated  by  adding  ATa.Ji  to  the  filtrate. 

It  is  true  that  AmUl  entirely  prevents  the  precipitation  of 
(!roup  III.Q.  by  AmHO,  if  certain  other  metals  are  absent, 
and  if  the  solution  is  kept  covered  from  the  air.  But  the 
members  of  <  !roup  III.a.,  if  they  are  present  in  the  solution 
with  those  of  (Iroup  111. a.,  are  precipitated  liy  AmHOj  and 
the  presence  of  AmCl  will  not  prevent  Mn  and  Zn  from 
being  partially  precipitated  with  them.  .Small  amounts  of 
Mn  and  Zn  are  frequently  precipitated  in  this  way,  especi- 
ally with  Fe  in  <!roup  III.a. 

Hence  if  Mn  or  Zn  is  present  in  small  quantity  only,  it 
may  be  entirely  precipitated  in  l.lroup  III.a,  Mn  is  readily 
detected  in  the  ordinary  e.tamination  of  this  precipitate  by 
Table  III.A.,  since  it  yields  a  ureen  ra.iss  with  fused  Na.COa 
and  KNOj.  Hut  if  Zn  has  bi'.en  entirely  precipitated  in 
(4roiip  III.A.,  its  presence  will  certainly  not  be  detected  in 
Table  III.A.,  and  it  may  be  altogether  overlooked. 

1059.  The  method  of  diisolving  the  (Iroup  III.a.  precipi- 
tate in  HCI,  and  repreci  pita  ting  it  \n  ith  AmHO,  to  some 
extent  meets  this  ditliculty,  especially  if  these  processes  are 
repeated  several  times  in  BU(.i,es8ion  But  when  a  precipi- 
tate is  obtained  in  Croup  III  *  ,  and  traces  of  Jin,  and  more 
particularly  of  Zn,  have  to  bo  tested  for,  it  is  preferable  to 
precipitate  I'.roups  III.a.  and  III.b.  tui;ether,  by  adding 
AmCl,  AmHO,  and  Am.S,  in  succession,  and  boUing.  This 
precipitate  is  then  examined  for  Croups  III.a.  and  Ill.n.  by 

Liu 


Table  III.c  (IO63),  or  Table  III. 11,  (1064) :  and  the  f 

13  examined  for  (iroups  IV,  and  V.  according  to  the  dirao- 

tiona  in  tUe  Clenera!  Table  (1007). 

It  must  be  Qnderstood  that,  if  no  precipitate  is  produced 
liy  tlie  addition  of  AmCl  and  AmllO,  Am.;S  may  l>e  added 
at  once.  Any  precipitate,  which  is  formed,  ia  then  examined 
Ijy  Table  III.b.  ;  since  in  the  absence  of  Urotip  III.*,  ths 
members  of  (iroup  III.b.  are  not  precipitated  by  AmHO  in 
the  preseDce  of  AmCl. 

1060.  The  Presence  of  (PO,)  in  the  HCl  solution,  which 
has  to  lie  examined  for  Groups  III.,  IV,,  and  V.,  involves 
no  special  procedure,  if  AmllO  added  after  AmCl  producew 
no  precipitate ;  since  the  phosphates  of  Groups  III.  and  TV. 
and  of  Mg  must  be  absent.  If,  however,  a  precipitate  is 
formed  on  adding  AmCI  and  AmHO,  the  directions  for  pre- 
cipitation, which  are  given  at  the  head  of  Table  Ill.r.  (1065), 
should  be  fallowed,  and  the  precipitate  aliould  be  examined 
by  that  Table,  The  method  of  examination  of  this  precipi- 
tate may  )«  simplified  by  using  Ill.i',  (1066). 

loGi,  Eipluiation  or  the  Fbosphate  Table  m.i'.— Tho  reuoii  Cor 

the  (lepartuTD  from  tlie  urJiiiary  i^oursi^  or  nnftlyaia  in  tha  nbove  ea,ae  in 
the  fallowing.  The  [ihasphatea  of  Al,  Cr,  Bb,  Sr.  Cs,  and  Mg  are  catu- 
pletel;  precipitated  by  AmHO.  The  phoaphateR  of  Ni,  Co,  Md,  Zu, 
and  Fe  are  only  partially  preci|iitated  by  A111BO ;  t1ie  metals  arc, 
bonever,  entirely  precipitated  from  these  pboiphales  by  Aii^,S  in  the 
rorm  of  siilpbideB.  Hence,  if  tbe  precipitates  obtaioed  byAniHU  and 
by  AmgS  respectively  are  mixed,  the  whole  of  Ihe  metals  ere  obtained 
in  the  conjoint  precipitate. 

In  obtain  lug  the  predpitAte  for  Table  lit. I',,  the  precipitates  pro- 
duced by  AmHO  and  tiy  AffljS  must  he  filtered  and  nasheit  aepa* 
ratoly  ;  since  phosphates  of  Fe,  Zii.  Mii,  Ni,  and  Co  ate  converted  by 
Am^  into  Eulphides,  with  rortnntioa  of  smnioDium  phnsphKte  in 
Bolatiou.  This  soluble  phosphate  ivonld  precipitate  Bu,  Sr,  Ca,  Kg 
as  phosphates,  even  if  tliey  were  not  originally  present  in  that  con- 
dition. This  precipitatioD  would  not  only  complicate  the  process  of 
■nalysia,  but  would  also  render  it  impoaaible  to  state  whether  Ba,  Sr, 
Ca,  and  Mg  wero  originolly  present  in  ^olntion  aa  phosplistps  or  not. 

The  jiho-^phatf'.  of  Groiips  III.  and  IV.  snd  of  Mg  are  accordingly 
first  precipitated  hy  AmCl  and  Am  HO;  then  any  membeia  of  Gnrop 
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lU.B.  and  any  rsmainiiig  tTBi-ea  of  phoaph»tos  of  Group  III,  are 
prei:i]>!tated  from  the  filtrate  by  Am^.  The  two  prooipitates  dip 
mixed  Bud  treated  with  Am^,  which  will  dlisolve  away  the  (PO,) 
from  the  phosphati's  of  Fe,  Zn,  Md,  Nt,  Co,  leaving  the  other  plioti- 
phates  undeconipoaod.  Hence,  if  tliie  preeipitat«  il  filtered  olT  and  the 
filtrate  is  tettod  with  AmCI,  AmHO,  and  MgSOi,  the  foTuiatioti  of 
a  wliite  crystatliDB  precipitate  will  indicHte  the  presence  of  (PO,),  and 
will  indirectly  establiah  tlie  presence  in  the  original  precipitate  of 
[ihoBpbate  of  some  one  or  more  of  the  inctalB  Fp,  Zn,  Mii,  Ki,  Co. 

Oialatea,  Borates,  Fluoridea.  andSilicUeior  Ba,  Sr,  Ca,  Ug  would 
likewira  be  preripitateil  by  AinHO  in  Group  111. a.  But  the  evAjioia' 
tion  of  the  HCl  Moluliou,  after  pnasing  H^S  iu  the  General  Tublt, 
caoses  HjiBO,  and  HF  to  be  volatilised,  and  H.jSiOi  to  become  in- 
■oluble.  Oxalates  are  also  decompoied  by  the  gentle  ignition  of  the 
»olid  anbatanpe  which  rcmaius  after  evaporation.  Henoe  the  above 
ealtB  will  not  be  [ireclpitated  if  the  solution  has  been  evaporated  to 
dryness,  and  the  nrsidiie  haq  been  gently  ignited  before  Oroup  III,  a. 


lajirepipil 


led. 


The  Prindptea  on  wUoh  the  Hethod  for  Beparftting  and  Detecting 
ths  Ketala,  which  is  drawn  out  in  Table  tll.p.,  U  fouudeil  are  :— 

1.  The  inaolubility  of  the  phosphates  of  A1,  Fo,  anil  Cr  in  HA  in 
the  preHnce  of  an  alkaline  acetate ;  the  other  portions  of  the  predpi. 
tate  being  soluble  in  the  acid. 

2.  The  precipitation  of  all  the  (PO,),  which  was  present  in  the  HA 
Mtlutiou  in  combination  with  Ka,  Sr,  Ca,  or  Ug,  by  thu  addition  of 

3.  The  further  separation  of  the  phosphates  of  AI,  Fe,  and  Cr  is  same, 
what  complicated  hy  the  fact  that  AlPO,  ia  only  decomposed  by 
fusion  with  alkaline  carbonate,  when  SiO,  is  aino  prcEent ;  and  tliis 
SIO,  has  to  be  removed  alter  the  fusion  by  methods  wliioli  »ill  be 
intelligible  on  reference  to  pamgrspba  6o3,  599. 

An  alternative  and  simpler  method  of  examining  a  preci[iitat«  of 
Al,  Fe  and  Cr  iihospliales,  by  fution  with  KHO  and  KNO^,  is  given  in 
Table  111.F,  (1066). 


The  Best  Course  to  be  Pursued 

exnminiiig  Group  III.  is  described  in 


in   precipitating   ami 
paragraph  IO62. 


KULES  FOR  THE  PRECIPITATION  AND  EXASllNA-  , 
TION  OF  liKOUPS  Iir.A.  AND  III.b. 

1062.  The  Following  Rules  may  be  laid  down  for  predpi 

tatiug  and  ilctcctiiig  the  menibovs  of  (iroups  lit. a.  ami  IU.m 
in  the  HCl  solution,  a  small  portion  of  which  has  been  teste  . 
for  (POJ  hy  AraHMoO.  (1007).     For  an    eoEplanation  oiM 
these  rules  see  paragraphs  IO5S-IO61. 

I.  If  the  Addition  of  AmHO  aftei-  AmCl  causes  no  Pr».  I 
dpitate,  the  ahaen<:e  of  Al,  Fe,  t.'r,  wiil  of  their  phosplmtM^.J 
as  well  as  of  phosphatee  of  Ba,  tit,  (Ja,  and  Mg,  m  prov« 
AnidS  IB  then  at  once  added,  and  the  liquid  is  boiled, 
precipitate  which  forms  is  examined  for  the   mcmliers  ( 
<:roup  III.B.  by  Table  III.b.  (IO28).     This  course  is  puratw 
even  if  (POj)  is  present,  since  metala  of  Groups  IH.  and  IV.| 
and  of  Mg  cannot  be  present  as  phosphates. 

II.  If  the  Addition  of  AmHO  after  AmCl  causes  a  Pre- 
cipitate and  (POj  is  not  Present,  Al,  Fe,  Ur  must  have 
lieeti  in  solution.  The  plan  of  precipitation  will  in  this  case 
depend  upon  the  object  of  tiie  analyst. 

If  small  quantities  of  Zii  need  not  be  tustod  for,  the  method 
given  in  the  Ueneral  Table  (IOO7)  may  be  followed. 

If  traces  oF  Zn  have  lo  lie  tested  for  in  the  solution,  add 
AmCl,  then  excess  of  AmHO  and  of  Am^S;  boil,  filter,  and 
axuminc  the  precipitate  by  Table  III.c.  (1063)  or  lll.n. 
(1064). 

The  method  described  in  Talile  Ill.c.  gives  trustworthy 
results,  and  ia  lo  '«  used  for  very  careful  analysis.  The 
method  in  Table  III.d.  is,  however,  much  more  simple,  and 
is  sufficiently  ncciinite  for  genera!  use. 

HI.  If  the  Addition  of  AmHO  after  AmCI  causes  a  Pre- 
cipitate, and  (PC,)  is  Present,  the  method  of  precipitation 
to  be  adopted,  together  with  the  Table  for  the  ex!imination 
of  the  liroup  precipitate,  will  be  found  in  paragraph  1065. 

The  shorter  methoil  in  paragraph  1066  may  be  employed  : 
it  gives  less  information  as  to  ivhich  mctuls  were  present  as 
pliosphates  in  the  original  solution. 
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1063.  TABLE  in.c— THE  SEPARATION  OF 
GROUPS    in. A.  AND    in.B.  BV    BiiCOa. 

The  precipitate  may  contain  i'e,  AI,  Cr,  Za,  Mn,  Ni,  Co. 
Rinse  it  off  the  filter  iuto  a,  porcelain  dish,  using  ns  little 
water  as  possible,  add  some  strong  HCl  and  toil,  aildin^  at 
intervals  a  email  crystal  of  KClO^until  all  IB  dissolved  but  a 
small  quantity  of  yellow  sulphur.  Evaporate  very  nearly  to 
dryness,  dilute  with  a  little  water,  and  pour,  through  u  lilter 
if  neceBsary,  into  a  araall  Haak.  Cool,  pour  in  a  Brniill  quan- 
tity of  BaCOj  suspended  in  water,  cork  the  flask  tightly  and 
shake  well ;  repeat  the  addition  of  BaL'O^  and  agitation 
until  the  precipitate  is  diatinctly  whitened  by  the  excess  nf 
BaCO,;  then  shake  well,  cork  the  flask,  and  allow  it  to 
stand  by  for  at  least  fifteen  minutes,  occasionally  shaking  it 
vigorously.  Let  the  precipitate  subside,  filter ;  wash  th« 
precipitate  with  a  little  cold  water  allowing  the  wiisbings  to 
lun  through  into  the  filtrate,  then  wash  thoroughly,  rejecting 
the  washing-water : — 


lltlla  l>oUlnB'hci  a>  poHlKle; 
remme  11a  from  ths  boilinff 
»lullon  by  iddirg  haUina  dilute 
UJO,  Hndully.  unlll  anei 
■tlnwlna  U»  nmli'luto  to 
hIUb.  •  few  RdrlHIui'iil  .Iropi 
of  Kill  fiuK  no  ^lrtl1(>r  ptr- 
clpllabi  (Nuta  I.  bgluw):  llllrr, 


Bun,.  HsninTeBihyid'dlngtritdslKHl^ 
II.1UI1]  boUtnti  dilute  H,SO,  i^radtuU)'.  unin 
thB  lut  fuw  droiw  priHlm'd  no  furthsr  prft- 
ii1|dMU  In  tlie  ulur  liquid  frnm  wblcb  •— 
BnW),  hu  been  allowgd  tu  »ttla:  m.... 
will  pun  SiUO  la  siceulo  thewMtlltniMi 
Ulr  wull  aiid  Alter  : 


Iniun  i.  Tabl* 
UI.Afia^). 


Pffcipiiati  miiy  lunUIn  Mn.  t 
Co;rlnHltolItheniterlii 
■  p.in:Elilni1i>h  with  nihil 

itrotigUCI  Biiil  ImII  1  eni 


SllirMW 


'nibla     1 


"K».  « 


.I'allO:  In  thli  e 
B*CO,  *U1  nmat 
MUr  tuMun  (o  u 


B  luncli  •hlla 
witli  tbi  Ve,n. 


curding     to 


nab  c.dour- 
[     ed    pjtL-clpl- 
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IC64.  TABLE  IILd.— FOR  EXAMINATION  OF 

liemove  the  precipitate  produced  by  AmCl,  AmHO,  and  Am^ 
pouring  in  dilute  HCl  and  gently  stirring  and  shaking  the  liquid : 
filter  (see  Note  1)  :— 


Begidue  if  black  may 
contain  NiS  and  CoS; 
examine  it  as  <Urevte<1 
in  1019. 


Filtrate  may  contain  Al,  Fe,  Cr,  Zn.  >ln.    Carefully  note  ili 
of  this  observationp  examine  the  liquid  by  columnl.  or  IL 


1.  The  liquid  it  perfectly  cotourUiu :  A  bte7»ee  of  Cr. 

Boil  the  liquid  in  the  dish  for  a  few  minutes  untQ  It  no 
louder  smells  of  HjS,  then  add  a  small  crystal  fCClOg  and 
boil  down  to  a  small  bulk ;  cool,  add  NaUO  in  ezoeaa,  itir 
wvU  and  filter : 


I 


Precipitate  may  contain  Fe, 
Mn.  Dry  aiid  fnse  it  on 
platinum  foil  with  Xa^C'^, 
and  KNOa;  a  blue  ^;Kvn 
mass  shows : 

Pretence  of  Mn  . 

Boil  the  foil  in  a  porcelain 
dish  with  water  for  some 
time,  and  if  any  undis- 
solved residue  is  left,  de- 
cant the  liciuid,  boil  the 
residue  with  HCl,  and  add 
KCyS ;  a  blood  red  colora- 
tion shows : 

Presence  0/  Fe  C^oi^  4,  Z017). 


Filtrate  may  contain  Zn,  AL 

Divide  into  two  equal  parti 

(Xote  2). 
Into  one  portion  pass  HjS ;  a 

white  precipitate  fomu  at 

once : 

Presence  qf  Zn . 

To  the  other  portion  add 
AmCl  in  excess,  and  heat; 
a  colourless  flocculent  pre* 
cipitate : 

Presetxce  o/AL 


Note  1. — A  more  milkiness,  due  to  tlie  sejmration  of  sulphur,  shows  the 

Note  2. — Al  and  Zn  may  also  be  detected  without  dinding  the  filtrate  by 

colourless  flocculent  precipitate  show?  Presence  of'  Al:  this  is  filtered  off  and  H^ 


[10*1.] 


ANALYSIS   OF  GROUP   111. 


GKOUPS  HI. A.  AND  lll.a,  WHEN  MIXED. 

I'tom  iha  filter  by  opening  the  filter  out  inai'le  a  porcelain  dish, 

taku  out  the  filter  paper,  stir  well,  and  if  any  bluck  reeidue  is  left. 


ta  by  pouring  It  into  n  i 


te  potcelalndlah, 


icordlngCothflre 


11.  Thi  jiyuiil  hat  a  tiolit  or  bright  gran  oolour ;  Prumet  a/  Cr . 
\B  llqufd  iu  UiB  dl>h  antn  H^  li  no  lenger  amelt,  (trap  la  ■  uusU  until  ol  EGIO, 
<-""  -■ — n  DCiu-ly  to  dryoeu;  dilute  wLui  s  Uttls  water,  psur  Into  s  imiUl  Buk  ud 
—    '  d  Ui  witar  gnduiUy  wl  "-  ■"-         •---•--  ..—.^  — ...... 

iirkttiag 


But'Oii  iiupcudcd  lu  witar  gndiuUy  wlillal  conaUntly  ituldng  tlie  liqnid  until  tt 
M  Dl  biCO,  Hhltcni  the  prednlUta,  cork  the  duk  and  aUoir  it  In  iMnil  for  not  Id 
anoaa  minute*,  occutuiuUiilukliia  It  well :  fUEer,  vnh  Snt  with  cold  water  ktUi 
..  .... . .._.. --)n with  boiling .--•— -v v. 


m  Into  the  Oitiate,  t 


PndpUaH  1 

1^,   At,   C 
II  bj  witii 


III  iinlllDS  add 
M, :  cool  Md 


precipitate  : 


atisencK  ot  Hi  and  Co,  and  does  not  rtudn  filtntion  nec^snarj, 

addiDg  to  it  HCl  KTsduitU;  nntil  it  becouiea  acid,  then  AmHO  until  JkaliHt,  ■ 

ii  jiiinrMl  into  tlia  filtrate,  a  wUitu  preci|jitiit«  shows  Pramee  of  Zn  . 


„,  1065.  TABLE  lll.p,— FOE  EXAMINATION 

™  If  (Pn,)  is  touiid  in  the  HCl  Bolutioii  in  the  Geueral  Table 
^  on  addition  of  AmCl  and  exceas  of  AmHO,  the  lii[uid  containing  the 
waahed  well  with  hot  water.  To  the  filtrate  Am^.S  is  added  in  excea^ 
for  firoupa  IV.  and  V.  (I007,  t02o).  The  two  precipitates  yielded  by 
well  with  a  little  Ani^S,  then  filtered,  and  the  residue  on  the  filter 
adding  MgSO, ;  if  this  ia  present,  Fe,  Zn.  Mn,  Xi,  Co,  one  or  matv. 
The  residue  left  after  Btirring  with  Ani„S  may  contain  Ila,  Sr, 
Cr  as  hydrate  or  phosphate.  Eemove  it  from  the  filter  and  heat 
KCIO,  occasionally  until  solution  is  complete.  Then  either  evaporate 
mfficient  quantity  to  just  rediusolve  the  precipitate.  Filter  off  S  if 
a  long  as  any  precipitate  ia  produced.     Heat  gently,  and  filter  while 


■n«r  lidiW  won  illiTtMl  or  _ 

ba  cwstuU}  noideil.    W«no  goiitt]'  Tar 


ratmu.-  KM  AmCl.  AtnflO  In  eta 


CtBOy  SumlnaUir* 
pnolplUbi  by  Table 
IV,  (uni-nijj). 

loll  pnelplUU.  wen 

pceaent  In  the  aolu- 
ikMi  It  phovlutM. 


I'rKiiiitfttt :   eiamlTiD 

bv    Tthh    I1I.C    or 

FUlrair  mtj  ranUIn  lil.D.  (irfi.jjg**)  tot 
Mb;  arwr  Hmuvtiig  Zi1,  Mil,  Ni,  Ui7elui 
any  tnu»B  of  Ba.  Sr.  tor  Al  and  Cr, 
O  (Table  la^.  Oil.  Teit  a  porUDn  of  thu 
I.)  add  KajHPO^,  orlKinal  lolDtloii,  or 
wanu  and  sbake  the  lalutlun  at  Ibe 
weU;  wbiM  cryiUl-  aobitanus  In  Eta,  tar 
Una  predplute :  !    Fe"  lud  Fc"  tusonl- 

Pftimeij^Msiu      I    Ins  to  Notc^  (loari' 


Ni>tc\. — All  inaaluble  rmiliir'  here  mny  oontniD  SrSO^and  B>SO„  &nil  must 
MUt  origiually  tut  pliospL&ti-. 

JVofe  2,— A  fow  dropa  nf  FejCIb  iiiuy  lj«  added  to  a  sniRll  yavX.  only  of  tho 
In  ezBinined  at  once  for  Graujis  III.  aiid  IV'.  and  far  Mg,  withont  adding  PejOli. 

Note  3 Biuce  this  filtriKe  Ima  to  be  tmted  for  Groutn  lU.A  and  IILb,  it 

Mialynng  the  precipitAte  liy  Ttlilo  III.c,  or  liy  |irBci[iitaliag  Gronps  III.a 
precipitAlca  by  Tables  III.a  and  111. 8(1027,  1038). 

NoU  *. — Since  CrPOj  is  rarely  prtiaant,  tbia  precipitate  inuj  genendly  be  teatfd 
may  be  iletentcd  by  adding  AmCl  in  exoesa  which  givea  a  gelatiiiDiij  precipitate  : 
and  adding  ECyS.     An   BltematiTe  method  of  examiniog  this  precipitate  hy 


[1086,]       ASALV8I8  OF   PHOSPHAT83  IN  GROUP  III. 


OF  PHOSPHATES  IK  GROUP  III. 

{1007)  ^fter  precipitating  Groups  1.  aad  II.,  aud  11  precipitate  forms 
precipitate  is  gently  heated,  filtered  quickly,  and  the  precipitate  is 
and  the  liquid  ii<  boiled ;  it  is  then  filtered,  and  the  filtrate  Ib  examined 
AmHO  and  by  Am^^S  are  transferred  to  u  porcelain  dish  and  atirred 
■     washed    weil.      The    fillrate   should    be    examined  for  (PO.)  by 

luet  have  been  prcEcnt  as  phosphate. 

I,  Mg   as   phosphate;  Fe,  Zn,  Mn,  Ni,  Co   as  sulphide;   and  Al, 

with  a  little  dilute  HCl  in  a  porcelain  dish,  dropping  in  a  crystal  of 

Tery  nearly  to  dryness  ;  or  add  AmHOinalifilit  excess,  and  then  HCl  in 

necBeeary  (Note  1),  and  add  a  solution  of  HA  and  NaA  (1162,  84), 

hot:— 


nililuno(nii«1;)>Diiilerri1  SiOp  Kii,01,,  anil  K NO,, 
with  1  little  dlBtillxd  wilcr.  uld  Aiu.CU) :  allgw  U>  • 
' 't  tlic  piecipltlU  lUlMUle.  nitEr : 


n  roll  with  » 
hiQ  nuuoiTa  by  boll  Log 
■  ibort  time,  itlrrlDg 


then  idd  FbA-: 

Slow    nrecllil- 
»  Ol  PIiOkI,  ; 

rote.—  A  whlla 
litBClpibiU  on 
■ddlllonMFKA, 


Few  drcp*  ot  itrong  BO.  $M 


Fihraiti  *dd  pnK  NbHO  li 


r>ctu.  boll:    Willie, 
»^»tlnoiu      prwlpl- 

Premee  a/ At  at 


twiTtils 


[■    bmwn 

nib    HCl, 

I       KCjS; 


FIniniDed  by  the  bttrr  |«rt  of  1017 ;  Bft  or  8r,  if  foiinil  liere,  wn»  pro- 
rate and  the  liijuid  huted ;  if  no  precipitate  is  proHiiceil  tlie  otlier  [lortion  may 

ijr  be  examined  eitlier  liy  ad<lhi|^  AmCl,  AttiHO,  mil  Am^  together,  aud 
)  IILn  ■epamtely  liy  AniC'l  and  AiiiHO  Hixl  l>y  Ani,S,  sud  uxamieing  tlie 

bofling  it  with  cxreu  nl  NaHO,  and  filKrin^c :  AIPO^  will  be  in  soliition,  Mid 
(HO),  will  remain  u  a  inituipitste,  and  niiiv  1-e  liett^cted  by  disaolvinK  in  HCl 
inn  nrilh  KHO  and  KNO.,  a  given  in  TMe  lil.e,  (1066). 


ANALYSIS  OF  A   COMPLEX   SUBSTASCB. 


[\m.1 


Io6d  TABLE  m,p,— SKCOND  PHusPHATE  TABLE. 


BisBolve  the  Precipitate,  which  has  been  produced  by 
the  addition  of  AmHO  in  (xoeas  after  AmCl  (1007),  in 

the  leaat  possible  quitntity  of  ilCl:  add  Lo  this  Rolution  a 
few  drops  of  HA  and  a  L-onsideralila  quantity  of  AmA  solu- 
tion (1161,  54) :  then  mid  Fed.,  drop  by  drop,  and  wilh 
constant  stinin^,  until  the  liquid  just  becamen  iiermanently 
red  in  colour. 

If  the  liquid  contains  no  precipitate  after  it  has  been  mixed 
with  a  few  drops  of  FeClg,  add  a  small  quantity  of  AiiijHP(_lj 
or  Na,jHP<)j  (aee  Note,  page  395)  :  and  then  slir  with  FeCl,, 
added  gradually  drop  by  drop  until  the  liquid  is  perma- 
nently reddened. 

Now  boil  the  turbid  liquid  for  several  minutee,  and  filter 
it  while  it  is  still  at  boiling  heat  (.Vote,  II44) : — 


01  AmXhM  ™u«ed  no  preclplt»tc,  hut  ■  pre- 

The  FiltrUe  ihailld 

In  tree 

(rupi     pho,ph«le 

and 

•adltiotl  ol  Feci,,  Wee  in  ttili  auu,  attii,  il 
Group  III.*  miuihsaliMni. 

should    give    no 
pitate   lAen    mo 

.srs 

AmHO   la    added 

atter 

AmCl. 

preulpltite,  the  above  preolpltile  which  hu 
been  eeponiled  Ironi  the  boilGiB  Uqald  mxiit  be 

Gronpn  III.B,    I 

to  (or 

tumlu»lufolloi»:- 

according  to  the 

dt™» 

eat  dri^rtlcle.,  and  Iwat  them  vrlih  ■  ruHd 
mliCuK  dI  KBO  Uld  KNO)  on  platluiun  foil. 

TkUIb(i»j). 

«idmt«rtheM.hitlon:- 

Tb»  BmUiu  w\U 

The  FUcnU  "HI  Iw  yeUow 

eonilBt  rf  FeaWj 

UT  uoloarleH. 

mid      mv      be 

irill.yeUow,Cri.pre«iit: 

neglected,  ilnce 

yeL-lj  fau  been 

■elditrlae  ■  portion  at  the 
UqiLld  with  HA  anrt  nldlDU 
PbAa:   »  yellow  ™oi^f- 

•tdded  u  >  te- 

..■reUc.,.. 

Won  „l  the  orlg- 

efOr.    "   ' 

Add  to  the   colonrieM  111- 

miut  be    tested 

mte,  or  to  the  remidnder 

tor  Fe"  and  Fe"' 

i>[     the    yellow    Dltrate, 

liyaddli>K(o»- 

AmCl  In  Urge  qniiollty: 

ptnte   portloiu 

h,.£«,  of  AJ. 

•es"'™" 
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Airf*.— The  Bddition  of  AmA  proti  |iit«t4M  FePOj.  All'Oj,  uid  frPOi 
onlf  parciftl];  if  POj  u  [ireaent  in  iifnall  quantity  only,  and  tlie  liquid 
is  SQbaeqnently  not  entirely  freed  from  PO^  by  being  boiled.  Tlie 
addition  of  the  soluble  pliimihate  renders  the  jirecipitation  of  FePOj 
and  AJrOf  eniupleCe ;  nljile  tUe  excess  of  iron,  together  nith  any  ilia- 
solved  CrPO,,  ia  completely  {.rvi^i  pita  ted  by  the  siibseiiuent  boiling  ol 
the  liquid. 


.WALYKIS  OF  METALS  A\D  ALLOYS. 

1067.  The  ^fetal  is  lirst  roduccd  to  powder,  filings,  or  thin 
tiiminga  or  shavings.  The  following  Preliminary  Examina- 
tion (1068)  is  then  made,  and  one  of  the  methods  described 
in  paragrapliH  1068,  I070  is  adopted  for  the  full  exam- 
ination. 

The  First  Method  should  he  uinplayed  for  the  riuuiioatioD  of  a 
mut&l  or  alloy  of  unknown  L'ompositiou  ;  since  it  enables  all  metals  to 
he  doterted.  even  when  tliey  are  present  in  small  quantity  only. 

The  Second  Method  leaves  Sn,  Sb,  Au,  Riid  I't  undissolved,  ivhils 
other  metals  [iMs  into  solution. 

Thiu  method  is  not  ret^ommended  as  11  getierat  one,  aiiiue  the  folloiriug 
■coniplicAtions  may  occur. 

IF  As  is  present  mth  8n,  a  purt  or  the  wliole  of  tliv  As  may  remain 
1  the  residnn.     If  Pt  h  present  with  a  snfficient  qunutity  of  Ag,  the 


.Sb  will  always  partly  ei 


for  oUier  metala  :  since  th 
from  the  bnik  of  the  Sn  1 
hetter  suited  for  |{eneisl  a 


L-asHs  nlieru  en  slloj.  which  is 
'  Sn  or  8h,  has  to  be  examined 
als  ure  dissolred  away  nt  once 
i  Holution  is  DbtuiiiL-d  whieh  is 


I'UBLIUINAltV    Y.XAil 

1068.  Now  the  General  Appearance  and  Properties  of 
tbe  Subetance,  its  colour,  uny  characteristic  smell  which 
may  be  giveD  off  when  it  is  robbed  with  the  hand,  also 


whether  it  m  crystalline  or  not ;  and  whether  it  is  attracted 

by  a  magnet  (Fe,  Xi,  Co,  Ac). 

Note  the  hardness  of  the  metal,  by  seeing  if  it  can  be 
Bcratched  or  cut  by  a  steel  knife ;  also  wliether  it  breaks  to 
powder  (brittle),  or  flattens  out  (malleable),  when  it  is  stntck 
smartly  with  a  iiammer.  Then  try  the  following  experi- 
ments with  separate  small  portions  of  the  substance ; — 

1.   Heat  witli  XiijCO,  on  .■Itarroal  in  tliL'  iKnT  liinKpipe-llanie  (991.  3, 

II.  Fiiw  into  11  colourlras  bomx-beHrf  in  the  outer  blowpipc-Hamf 
(99".  2), 

III.  Try  the  Bame-coloration  (990), 

IV.  Heat  iu  nn  iguition  tube,  and  note  whether  k  metallic  (ublimato 

of  Cd,  As,  or  of  globnles  of  Hg  forms  ;  or  whethrr  S  snbliiuBa- 
froMi  a  !>iil|ihi>]e. 
V.  C'ombiueil  P,  An,  S,  and  Si  c4d  fn.i]uciiily  only  b«  detei-tcii,  sfter 
they  havu  been  ci>nri:rted  iota  phosplistt^  arsenate,  Hiilphate, 
and  silicatf,  by  diKolving  the  sul'ntaiive  in  sttung  UNO,  or 
Bqau  rrgin,  or  by  fusing  it  witli  EITU,  and  Na,CO]i  ntid  then  diit- 
BolviDg  iJi  water  and  auidifyin^  uitli  HCl :  tli«  aolution  is  tlicn 
tested  by  parsgmphs  1053.  1052,  1(148,  and  1017.  after  FTapom- 

VI,  C  froin  metallic  carbide  may  remain,  when  the  metal  in  liissolved 
by  HCl  nr  by  CnCl,  solution,  as  a  black  residue,  wliieh  can  he 
burnt  amny  on  platinum  foil  at  a  bright  red  heat  (Exp.  81, 105), 
Or  the  carbon  may  eacspe,  daring  Hollltion  of  the  metal  in  acid,  a& 
a  hydrocarbnn.  which  produees  H,0  and  CO,  bv  its  comlinstion. 


SOLUTIOS    .\ND    £KAMt^ 


'  A  Metal  ok  Alloy. 


1069.  Mbthou  I,— Pour  some  ratiior  dilutn  HCi  upon  the 
powdered  metal  in  a  small  flask  ivith  a  glass  funnel  in  its 
neck  (fig.  3iS,  p.  60),  and  heat  for  some  time  jtist  short  of 
boiling.  If  lliu  metal  dissolves  rea'iily,  continue  to  heat 
until  the  metal  is  completely  dissolveil,  and  examine  the. 
HCI  solution  according  to  the  General  Table  (1007). 

Frequently  HCl  alone  does  not  effect  complete  solution. 
Two  or  three  drops  of  strong  HN'O^  should  then  be  poured  in, 
and  mote  HNO3  and  HCl  should  be  added  occasionally  when 
the  action  ceases  or  when  red  fumes  are  no  longer  given  off 
on  heating.     When  the  metal  has  entirely  dieappe-ared,  add  a 
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little  more  strong  UCl  aud  boil  aa  long  as  any  CI  or  reddUh 
fumas  ue  given  off;  then  dilute  with  a  little  water,  heal  to 
boiling,  and  cool ;  filter,  if  tbere  is  any  white  residue  : — 


Itaidut,  if  arystaUinu,  u  prob-  I 
ably  PbCl^  which  will  dis-  \ 
Dolve  ontimly  if  it  is  washed  | 
with  sufficient  boiling  water.       I 

lu  this  solution  the  preeence 
or  Pb  is  coufinned  by  sddiug 
KjCr04,  which  giTes  s  yellow  \ 
prooipiiate  solnbht  io  eiuesa  of  { 
KHO,  showing  Pre»Bncco/ Pi.    , 


NoU.—K     while     pro 

Speariug  on  dtlatioii,  ie 
a  presence  of  Bi,  Sb,  oi 


If  jinv  residue  is  left  alter  washiug  j 
Well  with  boiling  water,  it  is 
lirobsblyAijCI;  confirm  tiiKpre-  ■ 
svncBorA);  by  pouriugupojL  the  I 
rwidno  holAniBO,  it  dissolvra  ' 
completely  nml  is  reprcoipitated  1 
on  adding  HNO,  in  «xc«s:- 

rtwwncv  Iff  Ag.  | 


1070.  Mbthod  II. —Four  upon  the  liaely -divided  metal 
some  strong  HNO,,*  and  heat  in  a  small  flask  with  a  waleh- 
gla£8  or  funnel  on  its  neck  (lig.  38,  p.  60),  11s  long  as  any 
red  fumes  appear:  one  of  two  resultu  will  occur: — 


Tkt 

sM  addlHm  qf  itaUr 
AbHnca  ol  Ft,  Ab,  8I1, 
an  (Kotfl  1^ 

tauidua  tlie  aolutlon. 
■Kor  bolUng  nearly  ti> 
<li7iM«  lULl  clltntlag 
vllh  water  (Xaie  3).  by 


i  Auutu  ft  Itft  -'  a<ld  Home  hut  aatei'  and  bull,  tlmi; 
niter,  an<i  wakh  tils  mlrliin  un  the  nibir  well  witli 
bolUiiH  water  (N<il«  S).  Biarohie  thu  lolutlon  by  I 
Tbe  iwliliu  wlU  coDitil  eitfan-  ul  :- 


li  directed  in  paragraph  latj. 


yclt  1.— The  solution  is  liable  to  conlain  giuall  iiuantities  of  these 
etaU,  which  niuat  always  be  t»ste<l  for  in  a  careful  snulyiiis. 

,^*  IfH^hasbseJi  fonnd  in  the  Prelimiuary  Examination  and  umall 
intiUus  of  Ag  liave  tu  be  tested  for,  the  Ug  nhonld  be  expelled  !>; 
Lting  the  iubilniici!  strongly  in  a  poicelulo  crncible  before  it  ii  dia- 
led Id  acid,  aiiwe  HglNOj),  lends  to  prevent  the  precipitation  of 
by  HCI  in  Oroiip  1. 
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IfoU  2.— BiOCI  will  often  be  precipitated  by  dilution,  but  the  f 
dpit«t«  will  disappeni'  ou  adding  HCl  and  boiling,  and  is  tluu  e 
distinguished  froni  the  Group  I.  precijiitiLte. 

Nell  Z. — Ifmncli  residue  \f  obtained,  a  Kmall  qoantitj'  of  it  maj'  U.  7 
heated  in  a  teat-tube  with  HCl,  adiiing  KCIO, :  if  it  diisolves  enliralj,, 
dissolve  the  whole  of  the  residue,  and  eiamine  the  solation  hy  TiUtilK  ' 
II.,  oommencin);  at  paragr>i[ib  1036  :  if  it  refuses  to  diasnlre,  procMA  ~  ■ 
with  the  rest  n(  the  residue  bk  ia  diiected  below.     If  the  reudue  i> 

1071.  Examination  of  the  Nonmetallic  Beeidue  la- 
soluble  in  HNO^, — Iiry  the  residue  on  t!ie  filter  at  a  genti* 
heat,  mix  it  thoroughly  with  about  an  equal  quantity  of 
powdered  Na_,COa  and  NaNOj.  and  add  the  mixture  gradlt , 
ally  to  Home  fused  NaNO^  contained  in  a  porcelain  crucible. 
Then  pour  the  melted  substance  out  into  a  porcetain  dish ; 
altow  it  to  cool,  pour  ujion  it  cold  water  and  let  it  stand  for 
some  time.  Then  crush  the  mass  with  a  pestle,  and  etir  it 
occaaionally ;  filter,  and  wusb  the  reaidue  on  the  filter  with 
dilute  alcohol,  throwing  away  the  washings : — 


JwiJiMmaycoiitjunSn,  ah,  Pt,  Au.  I'luti 
it  in  a  Hniall  pureelaiD  dish,  pour  in  1 
little  HCl  and  heat,  then  add  WHter : 
whether  the  roddae  bae  diwolreil  or  not, 

5 lace  In  i\w  liquid  n  striii  of  Ft  roil  mid 
rop  uiKiii  it  B  pirce  of  pure  Zu  ;  it- 
move  the  iilHtiiiiim  strip ioB  few set'ondu; 
if  it  ia  aLiiii»l  blink  Sh  Upreamt.  Wait 
until  the  evolution  of  H  ceiwei,  taking 
i3ue  tlwt  there  is  some  Zn  left  undia- 
aalved,  and  adding  more  Za  it  the  flml 


_.nEr.  _  _ 
piece  baa  entirely  diaiolviHl. 

The  rcaidutf  in  the  diith  mny  .■onsisi  nf  Sn. 
Au,  and  Pt ;  remove  the  Zii,  tinning  off 
any  substanoe,  sdheHii|{  10  id  into  the 
dish;atirtheliquidin  the  dish  well,  then 
pour  ofT  the  liquid,  carefuUy  leaving  the 
residue  ;  jiour  in  water,  stir  well,  lud 
again  pour  oB  csrefnlly.  Boil  the  nsidue 
for  some  time  with  strong  HO  in  a  IvkX- 
tube,  dilute,  decant,  add  HgCl,,  a  white 
precipitate  forma  •.—Prance  of  Sii . 

Saidue:  dissolve  by  wanning  with  HCl 
and  UNO,,  and  examine  the  solution  for 
An  and  Pt  by  (1073!,  using  only  the  left 


bai]i 


port 


noftj 


■  Table 


!  fiUnite  mnv  oontliD 
(AsOjl  :  add  HKO. 
nulil  the  lolution  ia 
nciil  aud  boil,  evapo- 
rating  the  liquid  in  ■ 
iliiJi  if  Tfiy  balky. 
Pour  into  half  tli»| 
solDtiou  AgNUjiu  long 
aa  it  gives  uny  predM- 
tntis  anil  add  cnuliully 
AuiHO  diluted  with  10 
or  la  timeaila  hulk  at 
water,  B  brawn  jireci- 

Prtitiia  of  At, 
To  the  other  half  of  On 
acid  aolnlioD  add 
AmHO  iu  eieess,  (ben 
MgSOf,  and  nib  the 
inside  (if  the  vewel 
with  a  ela»    rod ;    a 

white  eryBtalUnn  pre- 
cipilate.  often  appear- 
ing  only  after   aume 


r  11072,1073,] 
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1073.  DeteotJon  of  An  vUl  Pt— The  Keaidua  miiy  cooUia  An, 
(So,  Sb).  Remove  any  fngments  of  Zn,  boil  the  residue  with  ati 
ECI,  allow  to  settle,  and  dfixat  :— 


i,  Buidiu' ;  |>our  upon  the  r«ldue  In  tl 


11  little 


Briv  to  ilryn»i«.    Po...   __ 

3t  dlih  and  itlr  wall  tora  time,  allow 

IpttatetOHttlejuid  dnawt  Ihs  liquid  wuh  tbs  | 


putidd  UgCU : 

Pmtwf  b/Sii. 

I  In  (he  othir  part 


FneipUalt  will  1: 
«l]o»KJtaa:< 
Id  a  miM  boiling  V 
aeyeral  dropa  uf 


■(h,  dIuolTB    I 
Iter  and  add  a__. 
•t  rnihl]'  pntwrcd 


■  If  8b  has  nut  been  detetteil  alieady,  this  roaldua  should  be 
examined  for  ii\i.  Boil  it  ouc^e  more  for  some  time  with  atrong  HCl  to 
remove  alt  -Sn.  wash  the  reaidue  well  by  decantatiOD  and  boil  it  is  the 
diihwith  H,T,  sddJuga  fen- dmjis  of  HlfOj,  decant,  and  test  the  liqaid 
for  Sb  by  adding  HCl  nad  imisiiiK  IV  •  ">«  residue  la  then  euiMincd 
aaia  directed  aliov?  (1073). 


■[n^^^^^H 
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EXAMINATION  OF  SUBSTANCES   INSOLUHLE   IlcH 

WATER  AND  ACIDS.                                 ^ 

more  of  the  following  substances,  all  of  which  &Te  white 

except  Fe.,0„,  Cr^O,,  FeCrJ  \,  PbCrO^,  S,  C,  native  SnO. 

and  CaF5.'and  AgCl  which  1i»b  been  exposed  to  light. 

lu  the  rollaning  Jist  Uioae  ealutiiiioeB  wbk-U  iru  emlirsced  in  rauud 

brackets  (     )  umy  possibly  be  [ircitiil,  thoar  in  »iiu«te  bracket*  [     ] 

1.  BaSO, 

Insoluble  in  water  ami  atida. 

2.   SrSU, 

Inwluble        ,. 

3.  [CaSO;\   \ 
i.  Kl'bSO,)    ] 

f  Not  mrfeeUy  insalnble  in  wsUt,  soluble  in  bot 
\      HCI.  nnd  hhould  th.wfwe  piH  into  the  Mid 

5.  PbOrO^ 

Insoluble  after  being  strongly  heated. 
1  Soluble  in  boiling  water,  and  should  therefore 

6.  [P6C7,J 

i      have  bean  removed  if  the  residue  was  well 

(      washed  with  boilinH  water. 

f  This  may  have  boan  originally  present  as  snth,  or 

I      mav  have  bwn  derived  from  the  ose  of  HCl  in 

<      making  the  solution,  or  by  the  action  ol'aqiM 

7.  AgCi 

I     AgCy,  AR,FeC.v,.  Av-.FeL>- 
Either  unuumhme<l,  or  as  a  uUuate. 

8.  SiO^ 

9.  (^IjOj)     -1 

usually  diasolvrd  by  long  boiling  with  bIiuh;; 

10.  {F^oji 

11.  {CrjS,)    J 

^ 

12.  FtCr,0. 

Chrome  iron  oiv,  nalive. 

13.  {SnO.) 

Native  or  ignitad. 

U.  Sb,0„Sb^Ot 

15.   CaF, 

)      phates  and  aroenalea. 

\  Yellow,  Blowiv  soluble  in  strong  IINO„  givinc 

■ 

red  fumes,  knd  yieldiug  H^O,. 
Black,  and  quiic  iu^lubfc. 

17.  C 

■ 

If  iiutlicieut  of  the  Bubs^suce  is  available,  the  Pnliininary  EmuiaJ 

■ 

tioa  (1075)  luay  be  made  on  a  portion  of  it     lu  case  lh«  qos&tlty  ^^^H 

iiub»Uni.'e  is  Bmall,   however,   the  wliale  o/  the  auUtanco  must  b^^H 

(1076.] 


rosOLDBLK  SUBSTANCE. 


■  Insoluble  Subbtasoks. 
107^  Tbe  fiulistncive  inu^t  be  in  the  atate  of  dry  powder.     Uako  a. 
cmiilul  EiammatJoa  of  it  with  a  pocket  lens.     IllxptK  I.  and  II.  need 
only  be  nuide  if  the  sotstoinw  is  light  in  colour. 


li.perimc-„t. 

Dbur  ration. 

Inferen-. 

allowed'^  lUnd  in  the 
light  lor  lonie  time. 

■^Jblt^kf  """"■"  *"'*"'" 

Prewnceof  AgCl. 

U.    I'onr  a    little    AmJ! 
apon  a  portion   <>l   the 
■ubitanee    on    a    watch 
glau. 

The     nbaUnce      bls.:lien. : 

Mruk«n:   uu  on   to   V.. 
omitting  in.  and  IV.,  ilnve 

FreMoceotPborAB. 

III.  Seat  >ome  at  the  iitli- 

utiUKM  wltli  n  llltlB  water 
andainull^eceotKC;: 

re.Uliie:  'to    tlio   flltrsta 
ad<l  AiUfS . 

Abroirnl>hpr«^lpltale. 

Presenee  of  AgCI . 

'^ol''l![ie'*"i^SlSl«'^"K! 
AmUO,    UltoMbg.    and 
adding  BiceiiurHNO, 
to  the  nitrate,  a  while  1 
precipitate    form*,  1 
whieh,    when     ihakm' 
well  or  healed.   co-guJ 
UtclnloHock..             1 

IV.  Wuh  the  reMdue  from 
Kip.  III.  -eU  upon  the 

a.  nil  mWU;  drop  Aui,3 

»."ff(l'iBrt»to«™t;add 

euMi  lUt^^r.  U,  the  III 
trale  add  III  lu  niceu 
ami  KitW, . 

-rhr  reiiMue  blxikena. 

A  yellow  prttliiltatB,  loloble 

Pn-Moco     of    VhSO,   or 

PreiencB   u(     PUSH,   or 
PbCl,. 

T.  Take  np  aome  of  the 

outer  part  o^  a  BuiiJn 
flame. 

A  rntdiMl-  geOoit  coloration. 

through  the  Indlxo  prlKm. 
A  rrtHUBi..  r/d  coloration  np- 

the  liuV,  prl.m. 

be  Ktu   111  (iiccewiluu   and 
lurtliiT  ■IlslliiiiUliIicd  by  the 

EZn^^oiii;,  J  "''"'"■ 

VI.  Raat  In  a  imall  test-  |  A  yellow  >iiUlliuale  fonne  on 
taheor  Icnltlon-tube.Uisti      the  gliloi  .if  tube, 
■trunalv   on   a   pleee  ol    When   ttn.nsly   heated   the 

u(on  platiniuu  falL               ullliiiutely  bnrui  away. 

PreaamMOfB. 

I 
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Ei|>erlnienl.                             ObKtvttlou. 

Inference.           1 

Til.    H«t     with     strong 
U^Oi  In  ■  plithiudi  cru- 
cible  or  leiden  cup  to- 
Ttred  with.  ».tcli  glue 
(Ml.  orllssmHUlipre' 

tt^  g^hilo''Anifi(l  (»«?? 

'.esi'u-.j'xe"  - 

Fr«en«  of  F. 

VIII.  Fuw  «>me  of  the 
subrtmue   hi  a  b«ad  or 
KnAmHPO,,  flnt  III  tho 

Pxrllclei    mra   uen   floittni 

iHUd. 

Oritn  tolmirH  beid. 
Rtdditti  6raini  IhshI,  mIodi- 
l«u    when    ooW.  utd    he- 

lun.T  llaiiif. 

PrewOM  of  SIO,, 
ProieaceufFs. 

KXAMINATION    OF   ISBOl.UBI.E 

1076-  Treatment  of  the  SiibetaQce  with  fused  Alkaline 
carbooate  (I06,  Kxp.  84)- — Free  tlio  substancu,  if  necessary 
(1075,  VI.),  from  free  S  or  C  by  igmUiig  it  strongly  in  an 
opan  porcelain  crucible.  Mix  the  fineiy-powdered  siibstEtnae 
with  five  or  six  times  its  volume  ol  funiirn-niixturey  Naj,CO„  + 
KjCOj,  and  heat  the  mixture  in  a  small  covered  porcelain 
crucible  over  the  Bunaen-fiame  (fig.  80),  until  it  melts.  It 
will  sometimes  be  necessary  to  employ  the  blowpipe-flame  in 
order  to  fuse  the  mass.  Keep  the  mixture  in  the  fused  con-  ' 
dition  for  at  least  ten  minutes,  and  then  allow  the  cruciUa  J 
to  cool. 

A  Flatinmn  Omclble  U  preferable  to  b  porcelain  crticible  for  thia4 
prooeas,  sine?,  after  the  mixture  htH  beca  Aued  in  porcelain,  anuU'J 
quantities  of  AljO,  tiiid  Si(X,  will  alvaja  be  introdnced,  owing  ti 
BctioD  of  the  alkaline  cirlionatea  upon  the  ^aze  of  the  porcelain. 

If  Pb  and  Ag  hnre  Uen  proved  to  be  absent  by  the  Prelitninaiy  ] 
tests  (107s,  U.)i  or  if  they  havebeeu  removed  by  boiling  tho  substanoe  I 
fint  with  KCy  solution,  and  then  with  H,T  and  excess  of  AmHO  and  J 
washing  well,  a  plaliniim  crucible  ma;  be  used. 

The  Form  of  Pipe-day  triangle,  whivli  is  shown  ia   llg.   SI,  ; 
recomnioiiiJed  for  supporting  th«  crucible,  since  the  proniineutes  01 
siilFS  enable  the  naiiio  to  rendi  the  aides  ofciuoible. 

A  Oaa  Blowpipe  nill  be  found  conreuieut  for  fitbiug  the  niixt 
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we  tig.   10  (7),  figs.  82,  63  (iiiS);  the  i«trohiim  or  spirit  lilowpipa 
nhowii  ill  fif.  8r(iiaD)slfloaerTBsthopurpoMwel]. 

Now  pouraome  water  into  the  cnioible,  and  either  allow 
it  to  3tanil,  or  boil  the  liquid,  until  the  solid  mass  is  loosened 
from  the  otuciblo.  Boil  this  moss  in  a  porcelain  dish  with 
distilled  water,  crushing  it  by  pressure  with  a  pestle  if  it 
does  not  quickly  fall  to  pieces. 

Allow  the  residue  to  nettlo,  pour  off  the  solution  through 


I 


TkEATMEST   with    Fl'BEB   ALKALINE 

Caubonatf^. 

a  Gltcr,  and  boil  the  residue  with  a  little  more  water  ;  pour 
off  through  the  same  filter,  adding  this  filtrate  to  the  former 

The  examination  of  the  uudisaolved  residue  is  deaeribed 
in  paragraph   1077,  and  that  of  the  filtrate  in  pamj,Tiip!i 

.(17a  ^ 

1077.  Insoluble  Besidue    on    the   Filter. —Wasli    tlw 

roaiduQ  well  \rith  boiling  water,  then  make  a  hole  in  the 
bottom  of  the  filter,  and  rinse  the  residue  through  into  a  teat- 
tubo  by  pouring  upon  it  a  little  boiling  dilute  UCl  (Note  1). 
The  residue  will  dissolve  entirely  when  it  is  heated  with  Iha 
acid,  if  the  fusion  has  been  continued  sudicieiitly  long  (Note 
2).  Filter,  if  necessary,  and  examine  the  solution  by  the 
Uenerol  Table  (1007),  hearing  in  mind  that  only  the  metal 
in  paragraph  1074  avu  Hkoly  to  be  present  (Note  3). 


i"7 

1 
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Note  L— If  Ag  and  Fb  ire  knoH-ii  i 
ExamiuMion  (io7S>  'L).  dilute  HNO, 
(or  dissolving  the  residue. 

ir  elTervesoeute   m  giroduciul  by  tlie   xctiQii  of  the  acid  upon 
residue,  [lie  (Ji'sseuce  of  Ba.  Sr,  Ca,  or  Mg  is  jiroved. 

Note  2. — A  Bsiidne  Insoluble  in  Acid  should  be  finely  powdered 
■till  then  treated  once  mota  witli  Trfah  rusion -mixture  (lOTfi).  If  it 
cunBiata  or  chrome  iron  ore,  it  niny  be  ditiaolvcd  by  heating  it  with 
HNOj  and  KGO^ 

Kote  3.— The  SolntJOQ  ahonld  be  Evaporated  quite  to  Dryneaa 
befuie  Group  111.  is  jir«ii|>itateil,  and  a  walcr-bath  tliould  be  aaed 
toward!  the  euil  o(  the  evaporalian  iftbe  siiWance  epiita. 

The  tlBO  of  a  water-hath  is  usually  necessary  if  SiOj  is  present  in  the 
«ub&taDce,  since  Hilicic  ncid  may  pass  into  the  solution,  and  if  it  is  not 
oompletcly  separated  by  the  process  of  evni>oratiou  (599),  its  proaencw 
iiiiy  give  rise  to  eomplicntioni  in  the  analysis, 

1078.  Aqueous  Solution  of  the  Fused  Uass.— Divide 
tliis  eolutiou  into  two  parts,  (a)  and  (b). 

(a).  Add  HCl  to  one  part  until  the  liquid  is  distinctly 
acid,  and  evaporate  in  a  porcelain  dish  to  dryness,  finishing 
the  process  on  a  water-bath,  if  necessary,  to  avoid  spirting. 
Then  continue  to  heat  the  dish  gently  over  the  flame  or  upon 
a  aand-hath  until  the  residue  ia  quite  dry.  Pour  in  a  little 
strong  nCl  aud  warm,  dilute  and  heat  again  j  nn  insoluble 
residue  shows ; — PrcBence  of  SiO... 

Filter  off  SiO.^  if  necessary,  and  examine  the  filtrate  by 
the  (General  Table  (lOOy).  Al  may  be  found  here,  but  other 
metals,  such  aa  Cr,  Mn,  Zn,  Sn,  Sb,  Cu,  As,  should  also  be 
tested  for,  since  their  oxides  are  soluble  in  alkalis,  and  may 
therefore  pass  into  this  solution. 

(b).  Test  separate  portions  of  the  other  part  of  the  aqueous 
solution  for  the  following  acid-radiclea  as  is  described  below. 
Unless  the  fusion-mixture  employed  was  free  from  chloride, 
sulphate,  and  phosphate,  the  tests  for  these  acid-radicles  may 
be  of  little  value. 

Ohlorids:  acidify  with  HNO,,  aud  add  AgNOj.-  wMte  precipitate, 
easily  soluble  iu  AuiHO. 
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SnlphAte  :  acidiry  with  HCI  and  idd  BaCl, ;  white  ptecipitste, 
iiiaolnble  on  boiling. 

Chromate :  ncidiry  with  UA  iind  add  PbA, ;  ysllov  precipitate. 
A  chromnte  ie  also  seen  by  the  yellow  colour  of  the  Bolution.  Cr  thuti 
'tetected  mny  have  been  present  acting  as  a  metal  or  as  a  coDsCitaent 
of  the  cbroLiBte  Bcid-raJiclo  [A'o(c  3,  IO27). 

Phoiphftte :  Hcidify  with  HNOr,,  ailit  ■  few  drops  to  lome  AmHMaOt 
nolution,  «&d  wami  t^ntly ;  a  yellow  precipitate  formft,  oFleo  only  after 
H  tiiue  or  when  Ilie  liquid  la  gently  heated. 

If  Ai  has  livc-D  raiind  when  H^  was  passed  into  the  bot  HCI  aolutinti, 
the  presence  of  (PU,)  muat  bo  confirmed  in  n  portion  of  the  &Urst« 
Troni  which  the  As  hns  been  completely  precipitaltd  (1053),  i-l»o  the 
■bore  yellow  preoipitato  may  have  been  dae  to  (AbO^). 

Fltloride :  aild  HCI  in  uxuesa  to  a  part  oT  the  aalutiOD,  stir  well, 
mid  let  stand  until  the  CO9  has  eHcaped ;  then  add  AmHO  in  excess, 
then  CnCL  as  long  an  it  produces  niiy  precipitate,  end  lot  stand  for  a 

Kilter  olT  anil  dry  any  precipitate  which  forms,  and  pour  strong 
H^SO^  upon  it  ill  a  jiliitinnm  oriiciLilo  corered  with  a  suitably  prepared 
wiitch-glusB  {606]. 

1079.  ExaroinatiOQ  for  Na  and  E. — Since  Ka  and  K 
liave  been  introduced  into  the  substanoo  by  the  fusioii- 
inisture,  these  motals  cannot  be  tested  for  in  the  aqueous 
solution  obtained  after  fusion. 

UnleBB  the  analyst  is  eatialied  that  the  spectroscopic  test, 
made  with  the  special  precautions  mentioned  in  paragraph 
117,  is  conclusive,  he  should  proceed  to  examine  the  aub- 
stane«  for  Xa  and  K  by  paragraph  1081. 

The  simpler  niothod  of  examination  by  paragraph  loSz 
tnuy  be  employed  if  tliu  suhijUiice  is  a  silicate  :  and  if  K  and 
Na  are  present  in  a  condition  in  which  they  are  insoluble  in 
acids,  they  will  usnally  be  contained  in  n  complex  »ihcat«. 
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ANALYSIS  OF  SILICATES. 

1080.  The  Presence  of  Silica  in  a  substitnce  wUI  I 
been  shown  liy  the  special  test  (9S4)  or  by  VIII.  i 
graph  1075. 

Wheu  silica  has  been  found  it  becomes  necessary  to 
examine  the  substance  For  all  metalR,  since  many  etljcatea, 
which  are  soluble  when  they  are  alone,  become  insolubl 
when  they  are  mixed  or  combined  with  other  insolt^' 
Bib'caCes. 

^lany  silicAtes  may  be  entirely  decompoiieii  by  hoatS 
them  for  some  time  with  strong  HCl  just  short  of  boiliq 
If  the  decomposition  has  been  complete,  only  a  colourlj 
residue  of  stUcic  acid  will  remain.  This  may  be  identifit 
by  its  insolubility  in  fuaed  microcosmic  suit  (60O),  and  by 
causing  effervescenco  when  it  is  fused  into  a  bead  of  XajCO;, 
(601). 

If  it  ia  found  that  the  silicate  is  not  completely  decomposed 
by  hot  strong  HCl,  it  should  be  treated  with  fused  alkaline 
carbonates,  as  is  directed  in  paragraphs  IO76,  '-(■  ka^.  In  the 
examination  which  follows  the  fusion,  it  must  be  remem- 
bered, however,  that  all  metals  may  be  present.  The  metals 
Na  and  Iv  must  be  tested  for  specially  by  paragraph  1081  or 
1082. 


ExAniNATioN  FOR  Na  and  K  is  an  Issollble  yi 

Since  Na  and  K  cannot  be  tested  foe  in  the  solution  « 
is  obtained  after  fusion  with  alkaline  carbonates  ( 
separate  portion  of  the  original  substance  must  be  exam 
for  these  metals  by  one  of  the  two  following  proce 
The  materials  which  are  used  in  the  tests  must  be  p 
free  from  K  and  Xa. 

1081.  Decomposition  by  means  of  OaO. — The  final; 
powdered  substance  is  mixed  with  its  o«'n  weight  of  sublin 
and  crystallised  XH^Cl  in  powder,  anil  with  eight  times  a 
weight  of  pure  CaCU^  (see  next  page).    The  mixture  is 
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heated  in  a  platinum  crucible  for  a  few  minutes,  and  is 
Hnally  kept  at  a  bright  red  heat  for  twenty  or  thirty  minutes. 
The  masfl  will  not  fuse  as  a  whole,  hut  Huflioient  CaO  will  be 
dissolvwi  by  the  fused  CaCl,^  and  thiis  be  brought  into 
coDlact  with  the  eilicute?,  to  secure  their  decompositioD. 

The  cool  substance  m  turned  out  of  the  crucible  if  possible, 
and  is  boiled  with  water  for  some  time  after  it  baa  crumbled 
by  the  slaking  of  the  CaO.  The  liquid  is  then  filtered,  and 
Am.^COg  solution  is  added  to  the  tiltrate  until  it  causes  no 
fiirtlier  precipitate  of  CaCO.,.  The  liltrate  from  this  precipi- 
tate is  evaporated  lajusidewtly,  and  is  then  freed  from  traces 
of  Ca  hy  the  addition  of  Ara^C^lJ^.  The  clear  solution  will 
now  contain  chloiides  of  K,  Na,  Li,  if  these  metals  ware 
present  in  the  original  aubatanoe.  They  may  be  tested  for 
by  the  right-hand  aide  of  Table  V.  (IO35),  and  by  tlie 
spi-tlroaoope  (II3). 

The  Pure  CkOO,,  which  is  ri'quired  for  tlio  aliave  iirocess,  is  (ii'cgiBrEd 
by  diuulving  in&ible  111  HCl,  and  addiu);  powilenxl  marble  in  excen 
otul  wininnj{.  Tbu  nolution  is  then  mixed  with  lime-water  or  milk 
u[  liiUB  uutil  it  ia  alkaline  in  reaction  :  magnssium,  calciom  phoa- 
l>hate,  aiid  iron  aiv  thua  iireoipitateil.  This  aolutiou  ia  heated  to  about 
TC~  C. ,  nnil  H'aiiu  AiUgCO,  solution  ia  ailded  until  it  uauaes  no  further 
pncipiMlu.  The  iinwi]>iut(><l  CaCO,  is  liltereil  oil,  ami  is  naalied  well 
on  the  filter. 

1082.  DecompoBition  by  means  of  HF. — The  finely- 
powdered  substance  is  evaporated  several  times  in  a  platinum 
dish  or  crucible  either  with  hydrofluoric  acid  and  subsft- 
qnently  with  btrong  H^jSU^,  or  with  tive  times  its  weight  of 
linely- powdered  calcium  fluoride  mixed  into  a  paste  with 
strong  HjSU,. 

In  either  case  tlie  mass  is  finally  heated  until  no  more 
white  fumes  are  evolved.  The  cool  residue  is  then  boiled 
with  water  ,  BaCl^  solution  is  added  as  loug  as  it  causes  any 
precipitate;  then  AmH(.l  is  added  in  excess,  and  AnijCO, 
solution  is  pourud  in  us  long  as  it  causes  any  precipitate. 

The  proci]iitite  ia  filtered  oil',  and  the  filtrate  is  examih^ 
for  K  and  Na  by  Table  V.  (IO35),  and  by  the  spc^ctroscope 
(113). 


AXALVStS   OP  COMPLEX 


ANALYSIS  OF  SUBSTANCES  CONTAINING 
CYANOGEN. 

1083.  If  the  substance  to  be  analysed  is  foiiiii)  to  C' 
cyanogen  (983),  the  usual  course  of  analysis  must  frequeiitl 
be  Bomewhat  modified,  since  the  presence  of  cyanogen  migl 
Dtheraise  produce  confusing  resnltB. 

The  cyanogen  may  be  prusent  as  cyanide,  !'iilphocy&nid< 
ferrocyanide,    ferricyaiiide,    cobalti cyanide,  and  rordy  8 
mangauocyanide  or  chromic; an ide.     It  13  necessary  first  I 
ascertain  in  what  form  the  cyanogen  occurs,  by  trying  I 
foUowing  preliminary  experiments  on  a  small  portion 
substance.     The  subsequent  procedure  is  ex|ilaiQed  in  pttn 
grapliii  1085-1089. 


TKEUMtKAtlV    EXAMINATtOlt. 

1084-  Boil  a  portion  of  the  subr^tance  for  several  minute 
witli  KHO  solution.  Then  add  N 3^003  solution  as  long  1 
it  causes  any  precipitate,  and  boil  again  for  several  minute 
Filter,  make  the  cold  filtrate  just  acid  with  HCl,  filter  J 
necosaary,  and  tost  separata  portions  as  follows: — 


I 


,  Add  ZuSOi  Hill 
The  pretilrdtkM  prodDC«d  b. 


retilrdtkU  ] 


I  Bine  pn 
■  Light  l>r 

Us.-, 


PrMDULt  uF  lam 

ferrl{;yui]d«, 
l'roli»blB  pmeuc 

cabUtlejrantds. 

PrrMawur(F>^|]l>.    I 


1085.  If  Cyanide  only  ig  Present,  the  ordinary  course  q 
nalyaia  is  pursued,  but  it  will  be  necessary  to  remove  I 
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by  boiling  the  solution  for  aomH  time  after  adding  an  acid 

(looi,  1007). 

1086.  If  Solphocyanide  only  is  Found  by  the  prelimi- 
nary tests  (1084),  it  niuy  uatially  be  decompoaed  in  the  por- 
tion of  the  suhatance  which  is  to  bo  exainined  for  metals,  by 
pouring  upon  it  some  strong  HNO^  in  a  porcelain  dish  anil 
boiling  down  nearly  to  dryness.  The  liquid  is  then  diluted 
and  boiled,  and  may  be  uonsidured  as  Solution  III.  (lOOl), 
any  undissolved  residue  being  treated  aa  is  there  directed. 

The  less  simple  nipthoils  in  pTimgniph  1088  may  fdso  be 
employed. 

1087.  If  the  Presence  of  Ferro-,  Ferri-,  Oobalti-, 
Chromi-,  or  HRUgano-cyanide  liaa  been  proved  by  the  pre. 
liminury  tests  (1084),  two  methods  of  procedure  arc  open  to 
the  Hnalyat. 

Either  the  cyanogen  may  be  removed  froia  the  substance 
before  commencing  the  analysis  (10S8) ;  or  the  substance 
may  be  exrtmined  without  any  such  preliminary  treatment 
(1089). 

The  advantage  of  employing  the  more  complicated  method 
(1089)  is  thai  it  enables  the  analyst  to  decide  whether  the 
metale  are  present  in  cyanogen  acid-radicles  or  not.  It  also 
yields  a  more  precise  knowledge  of  the  constitution  of  the 
subetance. 

1088.  Mbtiiod  I.— The  Removal  of  the  Cyanogen  from 
the  Substance  may  be  effected  by  either  of  the  following 
processes.  The  Btihatauce  may  then  be  examined  for  metals 
lu  the  uBiiul  wny. 

1.  Pour  upon  the  powdered  substance  strong  H.SO,  in  a 
porcelain  crucible,  evaporate  to  dryness  and  iguitc  the  residue 
ationgly.  When  the  residue  is  cold,  dissolve  it  by  heating 
it  with  a  little  strong  HCl,  then  adding  water  and  healing 
again. 

2.  Fuse  the  substance  in  a  porcelain  crucible  with  three  or 
four  limes  its  weight  of  a  mixture  of  three  purts  of  Am,SO, 
and  one  part  of  AniXU„. 


1 
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Boil  the  substance  with  water,  fiJtor,  und  wa^li  the  residiu 


•9*ci«lly  UiB  (llulli. 


ItHidut ;  l)oU  iriUl  KHO  lolulion  (or  HTcnll  d 
■ud  L»ll  igiln  1  BtUr  Knd  wuh  the  renldug 


and  lor  add-ndlelu     fatrait :  dui  H^.  and  il  It  ctiaea  say  precipitate  Matinai 
ueotdliu     (o     Uic        KHO'.  Ceitanafllter:- 
UncUotn  glim  far  I 


I   Uqold  pruapitaU.-  wuh  woU  witH  1»tlloiE 

■crid  -  ndltli^i  w»l«'.  nod  boll  tlis  precipitate  with 

a  «rti™tl  Hg9  niay  rSnain,  BItM    thl.   ulT 

nliLn    Bffld  i(  nfWrdUuHugOia  add.  and  conflnu 

(iiW'v.llf    Wrf^.v"  fi8  piwen™  of  Hb  in  the  pMQlpi- 

J^S-';  *^**'„;  talA,  hntlas  It  with  Ba^,  in 

».S?i™  "'raJ.t'  'b^  Th^.^fUbSo  0?"»I«Udo  i(  B«a  I. 
araporatrf  to  dry-  S?"!;",!'  T^"^,  ",,^T,™' 
tlfuwItllHNOi  Slid  ""  ri^tilaB  li  then  di«DliEil  in  ■ 
m«wimnBU,,iin.i]      ,„„„  hot  Itlmig  Ha  the  sulmioQ 

aiid  Oltorsd  ;— 

i^'ItntU:  add 

ilieiccB,aud 
Aiu^      and 

Kn.   Mn,   Kl. 


PraipilaU :  boil  wlA 
KBO,  niter  o9  tv 

and  eiamliisU  to 
Hg  by  liHtlns  U 
wfth    .Va,Co7&  ■ 

kdd  to  thg  Ollal*  r 
iOlution  Ha  oDtil 
It  U  add.  pan  B|!l 
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CYANOGEN   COMPOUNDS. 


<Freseiiiu3). 

with  boiling  water,  adding  the  waehiiigt  to  the  Sltratp. 

•nine  KnjiOj  aulutlciD  u  long  M  it  cauMi  ■d]' pntlplUU  in  the  lulutluti 


fi,  Evaiwnte  to 
tile  raldue : 


tiltnte  .hov 
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1090.  GENERAL  GROUP  TABLE  FOT- 


ip  I.— BfigniC  IIOL 


ifi  ir—UMgait  a^B. 


oiUiifpn  1°  as.  Pb,  Bi,  Cu,  C 


UpPp 

Ufpn  I. 
|(J>,  AA,  Du.-I 


xs 


Ft  and  pp*  Iram 


oold  mtntw  I? 

--');   the  pp.  u  jeuui 
im  (pKtnuB. 


St-  7.  (MJ-l^ttSH) 


flnned  by  dtnpptng  ■  piKe  of  Ste 
lata  ■  purtion  ul  Uw  ■cltUlqiilil  and 
pp.,  whsn  *  ikip  MtH  colour  wUl  Iw 


r  chjitij^l  Iv  bitu  by  H 


rd  will  remulo  U 
It  1*  fip^  by  add 


I  lulphidn  In  Orasp  n^ 
■wn  uw  aDim  sicmeiiti  may  be  pramtb  Utf 
comnunnd  by  faiioa  vltb  Na-rX),  and  NaNOa, 
rrom  Uw  fiued  nuut,  vatar  ^uulrea  wdAnk 
B, -maljlHlBU,  ^alenate,  and  -taUuTMi 
tInOi.  lodlum-aDtlmaiuile,  Aa.  Ft,  ud 


Ir  unij^iai: 


)nly  eam^etsl)'  pp'  If  the  liquid  haa 
nod,  iDdHjS  paued  lor  a  longtime. 


,]  UENBKAL  TABLE  POK  THE  BARER  ELGMK^^TH. 


PRECIPITATION  OF  KARER  ELKMENTS. 


M  fulpikMM,  in  uMltlm  ii- 
r»,  tn,  Mn.  Ni.  (!•.— 

fNaekbrawH.) 
.{    ..       .,      ) 


WlOtat,  brinn). 
Si  (trace.  Moot). 


|r~  ft-i;  a.  L..  ik.  y.  s.  i  S^^'"!,/-; 

unUlnaUul 


tvulIlT  drlwlA] 


s;:.?£  stf 


r  be  Dnt  leintrKted  «tii) 
cled  bjr  diMDloLng  umc 
It  ffrmip  pp.  Ill  lioUing 

jc  HCl,    Mid   redndng 

■nX  F«  pment  In  the  kIu- 
tlon  19  B^i:  then  im- 
^pKallnKTl  by  uddlUnn  u( 
X).  Uld  tettiug  llie  |tp.  by 
Ike  »p«lM«ape. 

th*  iniilTiU  uf  Ihli  EToiin 
)«.  irlll  be  fonnd  Id  par. 


HI  be  ileteoten  bt 
urwlthNMtPOv 


nut  klreaay  iu  tlmt  [urm. 

IttUeL'hloHdeaiirec  vanonteil 
ti>  djyDHi  eod  eitneBed 
with  nb«olute  etlicr  ind 
nlcohol,  tu  wblch  ■  lev 
drope  ol  Tin  bme  been 
mdded,  LlOl,  RbCl,  Cam  dli- 
vlw.  wbUst  the  erenter  lArt 
uf  the  KQ  «na  roci  ra- 
[Q^EU  ondluolred. 

Theulutlanliemponited  to 
diyneu.  d*Holvedln  a  little 
HCl.  and  Kb  sod  Ct  an  njii- 


ri^dplute.  L 
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ni6M  lines 
1111  ftcrui't 
KAli  pagvs. 


lOQI. — Table  for  Analysis  op  Group  III.  Precipitate 
Tho  precipitate  may  contain  Fe,  U,  In,  Tl,  Al,  Cr,  Zu, 

After  a  preliminary  spectroscopic  examination  has  been  made  of  a  small  portion  of  tiw 
the  General  Table  ^1090).  the  ^roupppw  is  dried  and  fused  in  platiuuiu  with  KliSM)4  lor 
long  time  with  cold  water  :— 


Retidue:  may  con* 
tain  Ta^OA,  NI-,05, 
also  SiOs,  and  traces 
of  Fe  and  Or  which 
hftTe  e8CH>ed  solu- 
tion. JBy  fusion  with 
KaOs  and  NaHO, 
Cr  and  Si  are  ren- 
dered soluble  in 
dilate  NaHO;  from 
the  residue,  in- 
soluble in  NaHO. 
TasO«  and  Nb^Os 
may  be  removed  by 
washing  with  dilute 
NatCOt  solution. 


Solution:  reduce  Fe  by  adding HtSOs  in  excess,  dilute  consider 
covering  Uie  vessel,  and  by  passing  a  stream  of  CO^ 


Pp.  may  consist 
of  TiOf,  pos- 
sibly also  traces 
of  Zr. 

Confirm  the  pre- 
sence of  TiO, 
by  the  micro- 
connlc       bead 

(»67). 


Filtrate :   add  a  few  drops  of  atroog  HNQh 
and  precipitate  once  more  by  *<^ding  excea 


Pp,  may  contain  Tb,  In,  U.  Cr,  Al.  Be,  Aa 


Pp.  may  contain  Fe,  In,   U,  <frc.      DIbsoItb 
luge  excess  of  HCl,  add   BaCO^  tad  M 


Pp.  may  contain  Fe,  In, 
U,  also  traces  of  Al 
and  Cr. 

It  is  dissolved  in  ElCl. 
and  NaUCOj  is  added 
m  excess,  whereby  U 
alone  is  obtained  in 
solution. 

In  is  found  by  the  spec- 
troscope: 

Or  by  fusion  with 
NssCOs  and  KaO,  . 


FUlrats  maj  contaia 
Th.  BtL  ia  n^bj 
H^O.,  the  Uquid 
exactly  neutralised 
of  K-SOa  are  added, 
allowed  to  stand  for 
pp.  is  washed  with 


J'l*.  may  contain  Zr, 
Th,  Cc*. 

Th  and  Ce  are  dto- 
solved  away  k7 
boiUng  with  dilate 
HCl,  and  are  r0pp'> 
by  AmHO. 
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I    WHEN  THE   liAllEIt   ElEHENTH  M.VY   BV.   I'linSEST. 

Mn,  Ni,  Co,  Ti,  Be,  [Zr,  Ta,  Nb,  Cii,  La,  Di.  Y,  B.  Th]. 


H  pp.  for  11  ucl  Id,  uiJ  Tl  hu  beeo  further  liiil« 
V  ■ome  Uaa,  Uw  cold  u>u>  U  thcu  powdcrol  ui 

III 

U  aefotimt,  by  K I  u 
«al  to  Uuid,  <r1tl.  .11 

■llractedln 

Akina,  lor« 

ESK«"Sr!,.' 

u 

ayr.°o 

pMHrvlDg  tho 

11,1 

Id 

rrom  Ddditloii  hy 

Diu  ulr  hjr 

r»in 

"•"'"'■■■" 

Kid  *iiiHO  In 

"" 

«: 

aUer,  UlBolvt  Ih 

pp.  Ul  HO, 

DUwlve  It  In  HCI,  ■ 


pp*'     liy    Am  BO, 


iidd  cicBu  ol  cold  atrang  KOO  uluUon  :— 

ramw  mim  DouUln  A1,  Cr,  Be:  dllatv  uid 
boil  /ur  totne  time,  Illtcr.  Al  roniBlni  In  »>li>' 
tl,>N.  Mid  nia^  In  pp^  by  uddlnu  Ha  Jim  lu 
■^ic'<!w,  Uicn  AmHU  1q  aiceu, 

y  und  Ik*  «re  Hpunted  by  rniidii  villi  Sn^tH), 
■iid  KaOi^lHDlvlDglh  vBl«'audpp>'  B« 
by  sddii^KUNOi  In  u«a>,  then  AmUO  In 


^^«^^^^scB?i^of^a^^wri^^^^[iSBI^l 

GENERAL  METHODS  FOR  DETECTING  ^| 
ORQANIC   SUBSTANCES.                     ^M 

Thi  i.traimi-  ol  the  coiutitupnt  elements  of  an  orgnniL'  siibA^H 
may  be  dotwteil  by  tbe  iirocessea  meiilioiiiHi  iu  psm^TBiihs  631-643. 

•ilbslancc*  whose  reactions  are  given  iu  pani)jra|ilis  647-890. 

Introuucti.rv  Hsmakkm.                         ^^M 

1092.  The  Detection  and  Identification  of  an  Organic 
Substance  is  usually  more  difficult  than  the  detection  of  an 
inorganic  substana?.  TJiia  ia  especinlly  Ihe  case  when  a 
mixture  of  orgnuic  substances  has  to  be  dealt  with. 

.Since  no  detailed  scheme  of  separation  is  possible,  recourse 
must  be  had  to  several  partial  separations  such  as  the  pre- 
cipitation of  one  or  more  of  the  substances  in  an  insoluble 
form,  or  the  use  of  a  suitable  liquid  which  is  a  solvent  for 
certain  substances  but  not  for  others.  Sometimes  the  sub- 
stances may  be  separated  by  ihe  application  of  heat,  the  more 
volatile  substance  passing  off  as  vapour  and  leaving  the  non- 
voUtile  body  behind. 

The  suggestions  and  Tables  which  are  given  beloiF,  will 
give  coDsiderable  assistance,  but  reference  to  the  special  testa 
and  differences  which  are  mentioned  in  paragraphs  647-892 
will  usually  be  necessary. 

It  should  be  remembered  that  considerable  acquaintance 
with  the  reactions  and  properties  of  organic  bodies  ia  neces- 
sary before  they  can  be  recognised  with  certainty. 

^^^^J 

[1093,  lOM.]  OF   ORGANIC   SUBSTANCES. 


SCHEME  FOR  THE  DETECTION  OF  ORGANIC 
SUBSTANCES. 

1093,  Notice  the  Phyeical  Properties  of  the  Substance, 

sucb  as  its  colouv  and  smell ;  also  whether  it  is  eolul  or 
liquid,  and  amorphous  or  ciystallino.  Tho  do  termination  oE 
tlio  melting-point,  boiling-point,  and  s]>eeific  gravity  may 
sometimes  be  of  assistance ;  thesa  proportios,  however,  ant 
only  of  use  when  the  substance  is  in  a  state  of  purity  and  m 
unmixed  with  any  other  substance, 

1094.  ^(^ertain  what  Changes  the  Snbstance  undergoeG 
when  it  is  Heated,  wliother  it  Ik  volatile  or  fusible,  and 
whether  any  gases  or  vapours  are  evolved. 

The  test  is  made  by  heating  a  smal!  quantity  of  the  aub- 
stance  in  a  teat-ttibe,  .')o  as  to  prevent  any  considerable  change 
from  oxidation  occurring  by  fceo  contact  with  air.  Tho 
results  which  may  be  obtained  are  tabulated  in  paragraph 

1095- 

It  is  well  to  repeat  this  tost  by  heating  the  substance  to  a 
high  temperature  in  free  contact  with  the  air  (1096).  The 
result  thus  obtained  indicates  whether  any  non-volatile  and 
incombustible  substance  is  present,  since  this  will  remain  as 
a  residue.  This  residue  will  usually  consist  of  metal,  either 
free  or  as  oxide  or  carbonate;  and  the  examination  for  the 
iDBlnl  is  easily  effected  by  applying  the  ordinary  analytiool 
metlioils  to  this  residue. 
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1095.  EfFKcT  OF  Heating  the  Substance  in  i 

TaST-TUBB. 


E«ull. 

OUer.^0. 

lattmim.     1 

Cblorotorm.          9 

WlUmiU,      iHT- 

ThB  TipoBT  bnra.  with  B  i«le  blue 

int  no  nndUB. 

aiknw. 

Alcohol,  aid  chTde. 

Til?  vniMur  linnu  vlth  A  blue  Dime. 

".■Sta.""*- 

The  ropour  buriM  with  ■  pale  blni 

ninw  :  illght  churrlng  occun. 
Th«    T»piinr  bum.  with   a   unoky 

Glywrol. 

Aniline,  benien*, 

'iSU3S.S£, 

11.0^ 

^'i^^n-Ju'slt '""  '""""'*■ 

Pormlc    aiTltl,     nr 

b.  Tbii     (ubitiuu* 

The  vapour   bunu   with   ■  ninok)' 

fuu,    ud    vali- 

Plwnol. 

tUilH        wIthTOt 

NBiliiinelt. 

niMue. 

PuDgeut  rumei  jriBtdlng  s  Hblte  >ub- 

Oialic     aoid,     ur 

Hmite. 

aucelnid  add. 

Pimgenllumes.biinilnglrmiiiiiJioky 

nune:  und  (uhlltoite  (ormed. 

Beualc  add. 

c.  Th»     nibilan« 

A.ll8Ut«plorion. 

PfflriB  aoid. 

11  Chan  .lowly,  eynlvlng  CO,  *c. 

Formalo. 

fuuudehw. 

It  dun  slowly,  .volHnR  >u.'toiie. 

It  flOllls  iiunell  of  nharriHl  augar. 

Tartaric  auid.  cit- 
ric    add.    rnalK 

nloIXT'""™' 

It  emit!  a  amell  of  burnt  wool,  and 

rrate.albnnian.or 

.VH» 

gelattn. 

It  8Y11KM  phen™i,  which  burn,  with 

a  rnoky  Hame. 

Salicylate. 

lodutDrm. 

i.  The     nilntancs 

A  ciu-bonaW  reuiBlnB. 

Succinate. 

olULFi        wilheut 

Starch,  cdluloae. 

tuODf. 

a.  THg     nitMtuin 

II  Bvolvea  ml  rapour, 

Q»ll«le.  ■ 

A  urbonate  rcmahu  (jjoj). 

Oulato. 

Didtliei  ohu)  nn 

ru.H. 
(.  Th>     iBbitaaM 

The  lliiuld  ii  reddldi ;  vapour  of  un- 

■ass'-"" 

Uquid. 

burns  with  a  iuioky  flwne. 

The     labiKuiM 

No  further  epoQlsl  obMTv.tiona, 

CjnnMe. 

"iuw..  «d  .Toi™     Jh'J'l'il'lii^cf  dHkt^''!'u'™ll;ur 

i'cmmyaulde,     or 

Isrricf  aside. 
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[l09a-10B8.] 

1096.  Ascertain  whether  any  HetalB  are  Present.  Heat 
the  BubBtance  on  a  piece  of  thin  porcelain,  and  if  a  black 
residue  of  carbon  is  left,  burij  ofT  the  catbou  by  lioating  it 
strongly  in  tlie  blowpijie-flitnie  (Kxp.  81,  105).  One  of  the 
following  results  may  be  obtained. 

(a)  A  Cohmre'l  lieni'lue  may  remain  and  will  probably  bo 
due  to  the  presence  of  a  metal  which  produces  a 
coloured  oxide.  The  residue  may  be  examined 
directly  by  paragraph  991,  and  then  after  solution 
(lOOl)  by  the  General  Table  (1007}. 

(/')  A  While  Remdue  may  remain,  which  when  it  ts  mois- 
tened with  water  shows  an  alkaline  reaction  to  test- 
paper  :  this  may  be  caused  by  the  presence  of  R, 
Na,  Ba,  5r,  Ca,  or  Hg  in  an  organic  salt.  The 
residue  may  be  examined  by  the  preliminary  testsi 
990,  991,  and  may  then  be  dissolved  (lOOl)  and 
oxiimined  by  the  General  Table  (1007). 

1097.  Uix  the  Substance  with  Powdered  Soda-lime  and 
heat.     Note  particularly  any  of  the  following  changes. 

(a)  A  Smell  of  Ainmnma,  which  in  evolved  from  iiitro- 
t;enous  substances,  such  as  ammonium  salts,  urea, 
albuminoua  bodies,  alkaloids,  mate,  and  Inppurate. 
Nitro-compounda,  such  as  nitrobenzene  and  picrate, 
do  not  give  off  ammonia  when  they  are  heatetl  with 
eoda-lime. 

(Ii)  Aniliw,  evolved  from  aniline  compounds. 

(c)  Bimtme,  evolved  from  benzoate  or  hippurate. 

('/)  P/,emit,  evolved  from  salicylate. 

1098.  Try  the  Action  of  Strong  Sulphuric  Acid  upon 
the  Substance,  both  in  the  cold,  and  on  heating :  the  results 
which  may  bo  obtained  ate  tabulated  in  paragraph  IO99. 

A'oU.—Thia  test  inny  Im  aiippltmoiitsd  by  lientiiig  tliE  siilwtanco 
witli  dllvU  B^,.  aiaQe  foruiattw,  aCBtatcs,  nnd  cyanogeD  CDni{H)anil« 
niny  l>e  (reqUBnily  detecUd  by  tbis  means. 


I 
I 
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1099.  Effect  op  itoDiMG  Stbono  H^SO^  to  thb  SuBSTANoi 

OR  TO  ITS  StKOKG  SuLUTlON,  AND  THEN  HbaTIHQ. 


E-nlL 

..  Ke  ibuice  «- 

CO  B»ol»ed  ;  no  obafrtng. 

Vonnalc. 

CUT.  1.    the    Hid, 

HA  rVol*ed :  DO  chirriug. 

AcetaU. 

ud   either    Uale 

tX)  slid  COj  evolved ;  no  ubarring. 

OulaCe. 

hiittof '""*  "'' 

Puiigent  [luuea ;  no  charring. 

Chloral ;     chIol» 

Slowly   dirkewi    UrltaOng   fumM 

Sil!^el>iat«.arlien, 

Bvolved. 

aoata. 

Slowlj  darkeiu;  BCid  loixiei.  then 

MaUte. 

COnndCCJaerolied. 

Sluwly  darken* ;  CO  and  CO,  ev.ilTod. 

CllratB. 

(Uaerence  from  Canral<^,  Ac.) 

Slo«U    daricene;     pungent     fumei 

Prea. 

Prate. 

HCK  evolved;  no  charring. 

Cyanide. 

Ht-N  uid  finaUf  CO  ecolved  ;  »hlte 

Vorricyaulde. 

predpltaW. 

arj,  aiDlved :  jellow  S  lormed. 

Salphocyanlde. 

b.  Re  ehuce  oe- 

Slight  charring. 

MecuDic  acid. 

Frasraut  auell;  Taponr  bonii  Hith 
a  •nuikr  Oame-.  SOiii  evutved,  an<< 

' 

eut.  inttreeld. 

bnt  the  mbiUnoe 
tUTT»  duk  -  »1- 

Acrolein  £  einelt;  and  uKiJI^t 

Alcohol. 

eored,    or  eban. 

aiycerol. 

when  it  ie  heated. 

dianlng. 

aine«e. 

CO,  CO,,  and  SOi  are  evolved,  with 
'r-idTeharrtnl, 

Tartrato. 

HOj  a  evolved,  and  eharrteig  oocun.. 

Uippnnile. 

The  aubitanee  Umd  tnmi  nddiah- 

brown,  evoMng  CO,  and  pungent 

Mmee. 

BalicyUto.                , 

The    mbatanoB  tnitu   brown,   and 

SO,  !•  evolved. 

TUnaM. 

and  aiLi.  evolved. 
Charaeteriitlo  .melL  then  ohaniiig. 
and  evoluUon  ol  «>,. 

0.  The     rab-tanee 

Tmpeiillne. 

Quinine.  clncboO- 

bwmnee  eeloared 

healing. 

lne.nintphi>w.(ir 

iB  the  (olil;   the 

strjcbolne. 

eeleur  dM4>eu  en 

VuUow,  cold :  puce,  on  heating. 

NaraiUne. 

UatiBf. 

Dnjcine. 

YoUow,  cold;  chantDK  on  heating, 
and  BvolrlDK  CO  and  SO.. 

SMreh. 

Cano-augar. 

Chan  al  once,  fonntng  whit*  aniline 

1       .»lt*-.. 

AnlltaB. 
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iioa  Test  if  the  Substance  is  Soluble  iu  or  Hisdble 
witb:~(l)  Cold  water,  (2)  hot  water,  (3)  alcohol,  and  (i) 
ether. 

Valuable  informatioti  can  frequently  be  obtained  from  this 
treatment  with  solvents,  aince  it  alTorda  a  ready  means  of 
effecting  the  separation  of  substances  from  one  another,  if  a 
suitable  solvent  can  be  found.  The  solubility  of  many 
organic  substances  is  stated  in  the  following  Table  (lIDl) : — 


IIOI.  Solubility  uf  Duqanio  SnasTANCEs  jn  Water, 
IN  Alcohol,  and  im  Ethek. 

a  =  8oluble,  i=in8oluble,  »«=fllightly  soluble,  tts  =  very 
soluble,  and  viig=vety  slightly  soluble. 


sua  or  BUBSTAItOE. 


ALEALOim- 


ETSKOOASBOKB— 


B&LOIS  COKFOUnSB- 


vp 

c 

■ 
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rOH  TUB  DBTBCTiOK   OF     [llOl^  UOi; 

WATSB. 

MMME  or  SOMMSCE. 

oou,. 

»r 

ALOOBOL. 

SIBB. 

jILoohou  jun 

PREXOU- 

Uctbrlalcobo).       .       . 

n 

OI^CHOI 

FhMol,      .... 

•Khot) 

vr^^T^.     .     . 

.'. 

1 

; 

ALBBmm- 

rotB^iotfit.      .     . 

t» 

SaU:    ; 

; 

; 

V. 

n 

Una 

AWllno 

•« 

A^jtoim,    . 

■IKmLAHmUS- 

Ktlwr.       .        . 

*» 

r«Wo  rttauTjlliicle,  ; 

KltrnheOHnr,  . 

ALBmiKOItS      OOX. 

POIWDB- 

Drltrou,  . 

•  (CHa-OH) 

l*rol««,  ,              .       , 

■JuiC'Bagir,      ...           v> 

Miiktu^*.        :    :  i     u 

surei™';    .    :    . 

J 

[ 

Dertrln.    . 

i 

OeuS^"": 

1 

" 

' 

.=K.lQMe,    l=Ii«uliil)le,    ■i=.%htly»liiWe.    ™-ver)FioIobto, 

H                                                            «u=WTy>Ilgtatly>o]uliU.                                                 ^H 

H              II02-  The  Presence  of  an  Alkaloid  may  be  ascertained  .^H 

I            735-738-  The  identifiimtiou  of  the  particiilar  alkaloids  presen^^H 

H            may  usually  be  effected  by  carefully  extracting  the  alkaIoiii^^^| 

■            with   warn  pnte  alcohol  acidified  with   dilute  RCl.     13>^^| 

B            excess  of  filcobol  is  then  driven  off,  aud  the  extract  is  dilata^^^| 

H            with  water  anil  tested  by  paragraplia  739-785-                         ^^H 

H              1 103-  The  Presence   of  Organic  Acids  or  their  8aIta|^H 

H            cau   usually    be   determined  by    the   formation   of   charw^^^H 

[lice.] 
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teristic  insoluble  compounds  with  tiie  metala  iron,  calcium, 
silver,  or  lead  by  precipitation  (II04,  II05,  II06). 

The  acid -radicles  should  bo  present  in  sodium,  potassium, 
or  ammonium  salte,  since  other  metals  interfere  mora  or  less 
seiiously  with  their  detection  by  these  teats. 

(a).  If  alkali-metals  only  are  present,  the  solution  to  be 
tested  muet  be  rendered  neutral  or  veni  faintly  alkaline. 
The  most  suitable  reagent  to  be  added  for  producing  this  , 
condition  is  dilute  HJJO.,  or  sodium  hydrate  solution.  Ac- 
cording to  Che  reaction  of  the  solution,  one  01  the  other  of 
these  reagents  is  used,  and  is  added  until  the  solution  does 
not  affect  the  colour  of  test-piipers. 

(b).  If  metals  other  than  the  alkali-metals  are  present,  the 
substance  must  be  boiled  with  excess  of  Ka.,CO„  solution, 
filtered,  and  acidified  with  HNO^ ;  the  CO^  is  then  boiled  off 
and  the  aolntion  is  carefully  neutralised  with  NaHO, 

(e).  If  metala  of  Group  II.  or  III.  are  present  the  following 
treatment  may  be  raquisito  in  order  to  ensure  their  lemoval. 
The  aolntion  is  acidified,  if  it  is  not  already  acid,  with  dilute 
HGl,  and  II.^S  is  passed  to  saturation;  the  liquid  is  then 
filtered,  and  AmUO  and  jVm,S  are  added  to  the  filtrate ;  the 
liquid  is  then  filtered  again  and  the  filtrate  is  reserved.  The 
liltrat«  will  contain  the  organic  acid-radicles  in  ammonium 
salts,  together  with  excess  of  Am.^S.  Its  further  treatment  will 
depend  upon  whether  other  metals  (Ba,  Sr,  Ca,  Mg)  are  present. 

If  no  other  metai»  are  present,  acidify  the  liquid  with  dilute 
HCl,  boil  off  the  liberated  II.jS,  filter  if  necessary,  and 
neutralise  the  filtrate  with  NallO.  This  hquid  may  now  be 
tested  with  the  reagents  mentioned  in  pars.  II04,  II05  (Note). 

If  oilier  mdali  are  pregeut,  acidify  with  dilute  UCl,  boil  off 
the  H^S,  add  Na^COg  solution  in  excess,  filter,  acidify  with 
HNOj,  boil  off  C0.„  and  carefidly  neutralise  with  NaHO : 
than  proceed  to  test  the  liquid  by  pars,  II04,  II05  {Note). 

A'vtt, — A  aciMrate  solution  of  the  origiaal  Bubstincs  must  b«  prs- 
{«r«l  Tur  tli«  AgNO,  last  (IiO<S),  ia  whioli  dilute  ENO,  is  used  instc&d 
ur  HCl,  eho  tile  AgXOj  ijoliitioa  will  give  a  white  precipitate  of  AgCl 
whirh  nioy  be  miaLilcea  for  au  organic  autt. 
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The  results  given  by  the  tests  in  pars.  II04,  2I06  with 
very  dilute  eoIutiouB  are  uot  pronounced,  and  are  in 
cases  not  even  visible,  and  strong  solutions  should  nlwftji 
be  employed. 

It  will  be  seen  th&t  the  results  which  ore  jielded  by  othi 
substances  besides  the  organic  acid-radicles  are  given  ] 
paragraph  11 04. 

II04.  Action  of  FeCIj  Solution  on  Nedtral  Solutiob  j 
OF  Oroanio  Substanchs. 


btdtttie. 


b,  A  pupil  solon- 


t.  A  Uni  .  btuk 
pncipiUWii  pn- 
iaoA  in  the  esld. 


d>  A  bloe  prselpl- 
Uto  ii  BndB»d 
latlmcoli 


The  cDluratlon  J>  d«>tni;ed  by  HgCI; 

BolutJoa.    lod    [b   unallcred  In 

diluls  HCl. 
The  ooloratlon  li  dertroynl  hy  dilute 

■""  ;  ■  nd  precipiuts  lormt  on 

.  ioX  In  thii  orlKiiikt  lolu- 
tlon  AgNO]  glTsi  ■  bUok  precf- 
piutc  In  hoc  >olDtl(in. 

(Dlfl.).    StTDUB  BJili,  EJicg  ■ 
nnell  of  EX. 
Tbii  oolonttion  1*  with  dlfflculty  de- 

CuC'ljprodncMi  white  prwlplt-le  In 
the  original  loliitiou  on  bulliny. 
<Dlff,  from  rnnnats  uidjicctate.) 

Colorelton  deitrorfld  by  BA,  but  not 


„  _,._,  _idCH,OBi(lvB 

uieClif)   Bllcilite.      (Uilf.    h 

Ptiipic  colDordcrtrDyeil  bjr  HA. 


The  prectplUiEe  dluppeut  on  bull' 

Wllb  1  gallate  KCS  prodofiw 
■  red  folanuou.    (UilT.  Inim  ■ 

Tho  |>n>clpl(ate  i>  pcruumuit  on  heit- 


tu04.] 
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Renill. 

Ihter..™. 

e.  A  buff  M  TwUiih 

TbE  o-MitloD  of  HCI  Blv«»  DiTrtal- 

Kne  erailes  ot  bfnzoTc  uid. 

Ku*ri°  tl»  »U. 

Ueuoate. 

ThB  ortglul  •obaUticB  bm™ 

wllh  ■  «moky  flune.    (OUT.  from 

The  p^lp'lUW  ]•  Mloble  In  HCI. 

BnarlnBto. 

the  «ldltion  or  BiUl,,  Aho.  «n J 

»]cohoL    *mfr,  from  l«D««tt.> 

On    the  idditiuu  of  HCI.  hlnnitlc 

■eld  xpinla. 

Th«   oHgln.l   TOtaUnce  hnrn. 

wllb  ■  smokji  Hbdih.  and  uvglvoi 

a-iifc"™'""-" 

The  reddiih  preolplUU  diuolvet  In 

a,Mtm  hy  aiding  to  tho  nri- 
sinal     luhataucB     K^nO;    and 
BjSOt  a  bine  colour  appeart 

Fffrt         Id 

pg:«4nMd    ia   th* 

Conllnn  b/  uldlng  yuSOj  win-  ' 

BOM. 

tlon  to  the  original  mlBtau™,  ■  1 

>.  Ilo>S*e«Up»- 

RoddiniaDDliaatlas. 

qalnloe.  calfclni., 

'dDHrf     unlil  %< 

bniclne. 

mlitmtithHMl. 

fed  preclpitat*  on  hcaUns. 

■iRSK." 
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■f  CaCl^  Solution  on  Kkutrai.  SolutioM^ 
OP  Okoahio  Salts. 


KaulC. 

Obwrvjliou.                            Inference.     ■ 

>.  A    wUU 

The  precipilnte  !•  li.»jlnblB  In  HA 
uJ  m  KHO:    Mhsn  drlaa  uid 

otpiteU  form 

.  in 

t^^, 

heiUd,    11    K«™lr    chmn    .nd 

li!»ve.iic«bonjitB. 

Oulate. 

Tl..  wMipiUU- 1*  wluble  in  HA  nod 
to  ^HO :  It  oruin  onlj  ■ppain  on 
■hiklug,  and  <dun  vhen  iMed  uid 

Conarra  bj  besting  (he  oriaiiin] 

Tartrate 

(««,Note). 

Add    PbAa    to   %be  origlnnl    lolu. 
lion,  ■  wlilte  p™dplt.t«  (urms. 

Meooiiate. 

b.  A  •hit>  prtd. 
BUM  fgnni  xx 

heated. 

>te,nTtuu>Ml 

Ininlnbre  in  cold  KBO;   it  chn 

hHting. 

nn  being  dried  uuLbeaMcL 
The  prsi^iiitate  tonna  mors  readily 
In  file  presence  of  aleobol ;  11  cbar. 

Citrate. 

□a  being  heaUtO. 

Malatt'. 

Conflnn    by    addbig  Pbia  to 

the  neuiral  >alQlion,  u>d  Fuiing 

0.   A  whiU  pnti- 

the  iireoipitate  under  water. 

L-onOmi  by  treating  tile  neutral  sol..- 

e-,^ 

in 

tlen  -lib    Feci,,  a   reddl.l.  pre- 

sf 

elpitn(«(nru». 

9llu<:lu«lo. 

■Inbol. 

»<».] 
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1106.  ilcTioN  OP  AgNOg  Solution  on  Nkdtral  SoLnxioN 
OP  Organic  Salts. 


KHUlt. 

..r.™,.. 

"i-a-st; 

The  pHdpltate  It  iMMered  when 

°s;5s;2; 

«oU. 

The     prKiplUU     d!nolTe»     when 
heited :  li  1>  not  tonued  In  dilute 

MluUon. 

The  preoipltmte  lorma  In  itrong  mlu- 
tloni.  nnldly  tumios  hlsi.'k:    in 

o(  As  l>  [DrmiHl  when  t£e  liquid  Ui 

yoromlu. 

IttihuQ.                 * 

Citrate,  or  nuiikt«. 

Ttae    |>ni:l|iltBt(i    slightly    dukoni 

SuoclBulc.  or  Iwu- 

whenlt[.h™l«J. 

T»nu*ti.    SBlUle, 
unUe,     phenol, 
«.d         Xdn. 
<IQlaone. 

',      UijiDd  U  boDsd. 

Tartrate. 

'  The  pnclpltata  U  wlnWo  In  AmHO. 

Cy.nldeor.iilphu. 

■nil  lOHllible  In  dUuM  KNO» 

tyuilde. 

andtoBlublelndllnWHNO* 

{:;;'S^ir'' 

'■^SJiXES: 

Mid  liuolnble  In  dilute  HNO» 

Ketricfuilde. 

KXAMPLE  OF  ENTbV 


EXAMPLE      SH(.nvrNG    HOW    TO     ENTER 
RtSULTS     OF    ANALYSIS     OF     A    COMPL! 
SUBSTANCE. 


II07>  The   euliBtuiii^H   given    far  analysis   uoDsiated   i 
[Hjw>ler  conteining  pink,  blue,  white,  and  black   ; 
It  smelt  faintly  of  n 


Fbelimihaby  Exj 


Experi-neut, 

Obsetiatton. 

rnfarence. 

EXM.  l.-n«it«l  in    a 

mudldijtMt-tubfl. 

Con/H.-HoW      In     the 

CO'./i;.— BuDed  a  portion 
NhjCOjIu  a  bulb-tube. 

Water   alven   OIT  irhlcli 
-wnM^   ■u™=rt..lBp.t 

Btrong.mellofNa,gn.. 
anbetonoB  bJackeneil.  no 
nueU  ol  borning. 

SliBbl  white  MibUmate. 
The  lime  water  became 

milkr. 
Brown     nitron*     tntnei 

a-gu  eri^rcd,  (aDDd  by 
■mell    and    bleoEblng 
Utmua. 

NH.  gsi  wiu  evalned,  re- 

aud    by    gfvlng   irtOte 
No  mirror  formed. 

Prei.oIH,0. 
Pre!,  ol  NH,. 
Pro'i;.°pr;«oVco,Cli.M 

aba.  ot^«.dA. 
Frea.  otAi.t(B„B«. 
CCeTolred. 

Pre*olDltt»t^ 

Prea-DlCL 

At>i.oIBgudAi. 

niolittnedviltbHClJuia 
hefllcd     OKBlu    In    tin; 
flmiie. 
HcMed  lor  eonie  Unie  in 
the  tip  of    tho   bmer 

Bright  p^oa  flame. 
Tlie      name      appeared 

crfuiion     tbruuHli     tbe 

Indlgo-prlam. 

Cfinw™  col-  appearing 

^«r J  witb 

Fi«.aIHa. 
i-rea-alK. 

Frea.  of  8r. 
PreiotCii. 
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Kipt 

Ob«r>T.tlaii. 

Inlercpce. 

EiPT.in-Heitedapor- 

etircoul   In  the  inaer 
blowpipe  Dune. 

Ci>nfy.—ra.Ka  on  pi>- 

Jto«5^oJ.w.U.K^0, 

C(niA,.-Fu.cd  on  ch.r- 
ooJinthB  Inner  bluw- 
pipe  ihune  will,  N^COj. 

The  greater  part  ot  the 
sulutance  hued  nuHlllr, 
andwaaaDwrbedbytlie 
tharcoal. 

DeBagrutioii  occurred. 

A  red  maUUle  reilduo  re- 

lr'uf"o°^  r 

wh™  cold!"  ■""■  ""'  \ 
In  the  Inner  fflame  red 

aBdnmrfBOposu*.  } 
StMuUkaritaoi^oH 

mauon<»HdlDE. 

A  portion    placed   on   a 
sIlTercoiuaDdinolalDncU 

P™.o(aKltotK.Na. 
Pf^«.  orCd. 
Ft»i.otC>i. 

AbLorUaandCr. 
PreaoKW. 
AU.  DfB. 

pHHLIlICIAJtT  EXAUIKATION  FOR  AclU-RADIGIJi^a. 


Aba.  of  aulphile,    hn)o- 


Hclted  to  boiUog, 


ed  b;  it!  ime: 
bleochlnir 


EXFT.  II  "Added  rtrDni 

C*W-  —  Bropped  In 
copper  turnlnci  aod 
Heated. 

Qeated  atrongly.  cooled, 
ud  rlnaed  out. 

Cm/ti.— Boiled  a  portion  , 
of  (ha  inbitance  with 
water,  added  atronir  I 
a^,,  cooled  aiid 
pMirM  Id  FeSOi  lolu- 1 
tloa  caretnllr.  | 


.  bright  jellow  ehtorom 

crackled  wben  wanned. 
Leddiih  brown  fumei 
cTolied. 

The  tube  when  drr  wai 
'iinottobeaCcFied. 


Frei.  ot  ctilotAte. 
Fiea.  ol  nitrate. 


-L. 


Examination  fob  Metals  in  the  Wet  Wat. 

Boiled  a  portion  of  the  anbatance  with  Fe^Clu,  FeSO„  and 
KEHO,  added  UCl  in  oxcesa,  no  blue  pp. ; — Ahfeitee  of  Cy. 


"      Boiled  a  portion  of  the  substance  with  water ;  as  it  did  not  CM 

*  upon  the  undiaHolvc^l  residue  :  oiTeirescence  occurred,  and  oo  bolItiig( 

Gl  was  jM^rccivod ;  the  Bubatance  was  completely  dissolved.     CooL 

previously  to  give  no  pp.  on  addition  of  a  little  dilute  HNO, : — 


Ab^o/ Srmig  I. 
ag.  Ag.  ua  prob.  Fb. 


r  and  pUHd  U-fi 


^  the  liquid  malt  m 


iiuibJTi 


Bollnl  unta  it  DO  lunger  hiuII  tt  E 

UU  uldltioD  Ol  BK  O,,  IBTiA.  BTM.  ^1 

of  lbs  Ha  wK  tu  matae  AmHllI 
bnil^lflllcnil:— 


Kuun^lvnM*  IILA. 


KxAM"'  OF  PP.  IN  Gboct  1  [.^Renioved  from  the  filter  into 
It  ]iorcelain  dish  nnd  Ixnled  with  KHO,  filtered : — 


UiiDld  oiilji : 
Otimy  II.  B. 


•Itb  .Irong  H 
Uiutij  H^,  u 


!•-  aiMUOl  AmHO:  1 


npIdlrudboUedltwlthill 


iblickpp. 
teBiSO,: 


Pr.l,  nffuV 


.    FatnOt:  diluted 
pUMd     BA 

Abi.iifai. 


Exam"-  of  pp.  im  Gboup  IIIa. 

Dissolved  in  a  little  boiling  dilute  HCl,  added  pure  NaHO 
in  excess,  boiled  and  filtered  ;- 
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pletelf  dissolve,  the  boI**  vas  deconttiil,  and  a  little  dilute  HCI  ponied 
waa  smelt.  AddnJ  a  little  strong  HCI,  boiloJ  as  long  as  any  smell  of 
this  sol"  and  mixed  it  with  the  water  sol"'  which  had  been  proved 


ettbtgiM.B\Una>-~ 

Hj3  wju  pink  {ptQi.pru.  o/Co). 

xf  jBd  mait  utruux  ifro.  and  boUM  to  diyn™:  the  colour  at  the  »ol.  changed  to  light  brown 

WBrmedi  do  pp.:  ^bKnuttriPOtT-    To  the  nm' added  AmCl  then  eicen  ul  AmUO,  uid 

FMraU  wu  again  ptnk  (pn*™.  itf  Co) :  added  mnDh  Ani,3  and  boiled.  Dll*red  :- 

Kuuu>"y  Table  tll.B. 

KUroHwa* yellow  labicntt  a/  JVf) :  added  Aln,COfc  flltored :— 

'SiXT-b-.V.              ™>Sib,I.b,.T. 

Rinsed  the  pp.  off  the  filter  with  some  cold  dilut*  HCI, 
stirred  well,  filtered  : — 


Pp.  waa  hlark  Bnd  hud 
S«!Iin^™fr('i^1l'S 
bom  bead  :  bead  blue 

Fillr-U:  boiled 
added  a  cpyilal 
11  ceased,  cook 

nntil  : 

ddedpuicHu 

inrlt  nt  n,S. 
Oiiieii^vu;— 

.ST.. 

raa»d  H,fl 

l»lo  the  aol'- 
s/Zn. 

Exam*-  of  pp.  is  Group  IT. 

1,  Exam^  by  Flnme  eol"- — Dissolved  a  Bmoll  quantity  ol 
the  pp,  in  a  few  drops  of  HCI  upon  a  watch  glass,  dipped  a 
loop  of  Pt-wire  into  the  sol"-  acd  held  it  in  the  Jiurjaen 
llame  :  a  crimson  red  colour  was  imparted  to  the  flame,  which 
appeai-ed  intense  red  through  the  indigo-priBm  :  i'ces.  of  Sr. 
Tiiis  coloration  waa  followed  by  a  yellowish  greeu  very  per- 
sistent col"':  Free,  of  Ba.    Confirnied  by  spt'ctroseoijo. 

2.  Exam''  in  the  Wet  way.  Dissolved  the  rest  of  the  pp. 
in  as  little  boiling  HA  aa  possible ;  to  a  small  part  of  the  sola- 
tioti,  perfectly  cold,  added  CaSO,  sol'-  an  immediate  pp^ 
formed  :  iVec.  uf  Ba. 


EXAMPLE   OF   ESTBY 


[UW.J' 


To  the  rcnininJer  of  tlie  HA  sol"^,  proved  to  be  acid  t 
litmiia,  aUiifd  KjCrO,  until  the  liquid  appeared  yello« 
wannod  and  poured  tlirough  a  double  filter: — 


UiDedalltbeiu 


pp.  ■  iTtMolvpd  In  at  Ultle  IrnUtns  n^ 

"  ^'.aSt^,  auK  anil  boiled,  s  pp.  (un 

Iio  rrnmluder  of  tlio  HA  bId 
!cdU.3<.>,,l>i>llcd.  filtered. Mitlu 
rate,  whidi  ^ve  no  pp,  «(tor  b 
\ai  nilh  mure  1I,S0,.  luldcii  All 
giceu  lud  AnijCO,,  uo  pp.;— 
Ait.ofCa. 


Exam"-  of  Filtbate  pbom  Gkseeal  Table  fob  Group  V. 

Evaporated  the  iiltrato  to  dryueaa  in  a  porcelain  dish, 
scraped  oat  the  residue  upon  platinum  foil,  and  ignited 
strongly  until  white  fumes  ceased  to  appear  :  dissolved  the 
residue  off  the  foil  liy  boiling  with  water  to  which  aeVeral 
drops  of  HCl  had  heen  added,  divided  the  sol"*  into  two 
unequal  parts : — 


Tv  tht  larger  vortion  ariiled  Hreral 
(Iropi  of  B,SOi  uid  boiled,  then 
AmBO  In  Hcen  and  Krenu  drora 
ol  Aoi,C,0, 1  on  heaUns,  a  ■Ughl 
pri^  formed  ;  filtered,  and  added  ta 
iiie  elear  fUtTBte  Aa,BFO«  a  »biU 
eryalBlllnB  pp.:— 


of  plaUuum  V 


rr  partim  dlppL'd 


Id  It  In 


:,   au   iDteme    yellui 

apiwDrlne    aimten     tlirough     Un 
iudiHO-priim : — 

Fra.qfK. 
CaaBnnn]  the  pre!,  ol  E  hjr 
fresh  portion  ul  the  »!•  i 
ou   a   watiih    glaaa,   ■  yt 
formed. 


ItLl, 


Metals  found :— Cu,  Te,  Co,  Bo,  Sr,  Mg,  Na,  K,  NH^. 
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Exam"'  for  Acid-iudioles. 

Tho  folluwiog  aciil-raiUclea  have  already  been  detected : 
(CO,)",  (NOj)',  (ClOa)'. 

By  reference  to  the  Table  of  Solubility  (1038),  under  the 
coluinns  corrcspoiulinij  to  tbe  abovB  metals,  the  only  salt 
insoluble  in  acida  is  found  ti)  bo  BaSOj ;  sinca  Ba  ia  present, 
&nd  the  substance  is  entirely  soluble  in  acids,  (SO^)  is  abaenl. 

The  following  acid-radiclea  have  also  been  proved  to  be 
absent  in  the  general  examination  for  metals  ; — 

(CrO,)",  by  the  HCl  solution  not  becoming  green  on  pae^ 
ing  HjS . 

(AsOj)'"  and  (AsO^)'",  by  no  pp.  forming  in  Group  TLb. 

(SiOj)"  and  (SiFj)",  by  no  residue  insoL  in  HCl  remaining 
on  evaporating  to  Jrynesa  with  IICl  for  Group  IIL*. 

{PO4)'",  by  testing  with  AinHMuO,  in  tho  HCl  sol"-  for 
Group  Iir.i.  _        _ 

The  organic  acid-radielea  A  and  T  are  absent,  since  there 
was  no  smell  of  burning  on  heating  tbe  substance. 

The  only  commonly  occurring  acid-radicles  remaining  to  be 
specially  tested  for  are  therefore  CI,  Br,  I,  (CjO^)",  and 
(BO,)'" ;  and  of  those  Br  and  I  are  probably  absent,  since  no 
violet  fumes  of  I  or  brown  fumes  of  Br  wore  evolved  with 
Strong  HjSO^ . 

Boiled  n  portion  of  the  substance  with  pure  flaiCOj  sol"' 
and  filtered ;  acidified  portions  of  the  fdtrate  with — 


HKO, 

HA 

Jddod  AgKO,.  »  perfi^tlly  wljita 

pp.,  easily  ad.  in  AmllO  :— 

Pro.  of  CI. 

Adda  CaSOu  no  pp.  ^- 
Abi.af{C\0^)\ 
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Moistened  a  piece  of  turmeric-paper  with  the  HCl  801"^  of 
tho  substance  and  dried  it  at  100",  no  reddish-brown  Btain 
was  produced : — Abg.  of  (50j)"'. 


Acid-radiclea  found :— CO,,  KOj,  ClOj,  CI. 


(  Acul-radides:  00^,  XO^  CR)j,  CI. 


SECTION   VII. 


\ 


THB   LABORATOBT  AND   ITS   FITTINGS; 
APPABATUS,   CHBMICALS,   AND    KEAQBNTS. 


la  this  Section  dirocHaiu  are  Kiven  which  have  been  found  by 
BXperiunce  to  bo  nf  valuu  ia  litCing  and  TuniishiDg  a  laboratory  and 
in  maintaining  it  in  working  order. 


Thb  Labobatobt  Bcildiko,  and  its  Fittinqs. 

Introductory  Eemnrhi.  — Thv  Klullioils  of  Duilding,  Fitting,  Heat- 
ing, and  Vculiliitiog  a  Chemical  Laboratoiy  am  of  prime  importance 
in  aecnring  the  comfort,  healtb,  and  coiivoiiien'je  of  the  lubointory 
stadent ;  in  recunt  yem  very  conaiJerable  advanues  have  been  made 
in  these  matters.  For  detailed  informatioD  ou  these  snbjeets,  refer- 
cDca  may  be  made  to  pupDra  by  E.  C.  Robins,  which  are  publiabed 
in  the  Traimaelimi^  ofl-iie  InslUiUc  0/ IlriluH  ArehilecU  for  tho  yoitn 
1882-3  and  1883-1. 

II08,  With  regard  to  the  Building,  it  must  suftico  to 
state  here  that  the  main  pomts  which  require  attoution  are  that 
the  internal  air  space,  ventilatiou,  and  window  lighting  hoth 
from  the  top  and  sidea,  should  1)e  Hecured  on  as  ample  a  scale 
as  possible.  Tlie  inner  surface  of  the  walls  should  either  be 
of  white  glased  brick,  which  can  bo  easily  cleaned  when 
aeccsflary,  or  the  rough  brick  ot  plaster  surface  should  be 
covered  with  tchile  liine-wash  or  distemper,  which  can  be 
frequently  and  cheaply  renewed.  The  windows  should  be 
glusod  with  ffolourlem  f 
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II09.  Draught  Closete.— Around  the  walls,  in  the  spi 
between  the  windows,  there  ahoiild  bo  lai^e  and  small 
recesses,  each  of  which  is  lined  with  white  glazed  tiles,  has 
a  glazed  hood  a1)ove,  and  ia  closed  with  a  sliding  sasli  in 
front ;  it  ia  provided  at  the  top  with  an  outlet,  throu^ 
which  a  strong  draught  is  caused.  These  draught-ctosets 
should  be  provided  with  several  gas-supplies  for  Buneen- 
burners,  the  taps  being  on  tbe  out^de  of  the  closet  ;  they 
should  also  be  furnished  with  a  gas-jet  for  lighting  the 
interior  when  necessary.  The  bottom  of  the  closet  may  be 
covered  with  sheet-lead,  and  should  be  provided  with  a  small 
grid  through  which  liquids  escape  into  a  drain-pipe.  Some 
at  least  of  these  closets  should  also  be  provided  with  a 
water-supply  pipe.  A  strip  of  india-rubber  draught-excluder 
fixed  along  the  top  of  the  inner  frame  and  lightly  touching 
the  glass,  prevents  the  escape  of  fumes  when  the  i^ash  ie 
partly  opened. 

One  or  more  of  the  larger  draught-closets  will  be  reserved 
(or  the  hydrogen  sulphide  apparatus  (1125).  It  will  b« 
found  well  to  provide  such  a  closet  with  small  doors,  which 
are  opened  when  the  gas  is  to  he  tised :  this  prevents  the 
gas  from  escaping  in  large  quantity  into  the  laboratory,  as  it 
would  do  if  the  large  sash  were  thrown  up  for  each  opera- 
tion. A  frame  containing  pairs  of  little  hinged  glazed  doors, 
each  about  six  inclies  by  eight,  may  be  introduced  beneath 
the  filiduig  sash.  Tliis  enables  a  student  to  open  as  mudb 
of  the  closet-front  as  is  necessary  for  passing  the  gas  throng 
u  solution  :  while  the  whole  sash  can  be  raised  for  oleand] 
or  replenishing  the  hydrogen  sulphide  apparatus. 

One  of  the  draught  recesses  is  kept  open  for  the  sto 
ovens,  smail  boiler,  and  condenser  which  are  described  % 
paragraph  II31. 

IIIO.  Washing  Sinks. — Two  or  more  deep  atonewu 
sinks  ehouM  be  provided  for  general  use,      These  Iiave  it 
wate^taps  fixed  above  thim  at  some  distance  from  the  h 
of  the  sink.     It  will  be  found  convenient  if  each  sink  j 
suppUed  with  three  laj^.     Two  of  these  deliver  low-pt 
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water,  hot  and  cold  ;  and  a  third  is  connected  -with  a  high- 
preBsure  water  service,  upon  whicli  a  fire-hose  can  be  at  once 
adapted.  A  stout  wooilen  hoard  riddled  with  small  per- 
forations may  be  laid  upon  the  bottom  of  the  ainlc.  It 
servea  as  a  strainer  which  prevents  solid  pieces  from  getting 
into  the  outflow  pipe ;  it  also  tends  to  prevent  the  breaknge  of 
glas!  or  poroelnin  vessels  which  may  be  dropped  into  the  sink. 

IIII.  Working  Benches. — In  the  frontispiece  illuatration 
of  this  book  a  block  of  four  laboratory  benches  in  the  Not- 
tingham University  College  is  shown.  Two  of  these  are 
presented  to  the  observer,  and  are  therefore  visible  in  detail. 
This  amingement  of  the  benches  is  convenient,  since  it 
oniihlea  the  wasliing-sinks  and  the  water-taps  to  be  placed 
at  the  end  of  each  bench  and  yet  to  be  accessible  to  each 
student.  The  surface  of  the  bench  is  thus  prevented  from 
being  wotted  and  soiled  when  apparatus  is  washed. 

III2-  Bench  Sinks. — The  bench-sinks  are  of  stoneware, 
with  large  perforated  movable  wooden  false  bottoms,  which 
soften  the  surface  and  serve  as  grids.  Half-inch  outlet  pipes 
unprotected  by  metal  grids  discbarge  into  stoneware  pots,  the 
overflow  from  which  into  the  drain-pipes  is  through  a  curved 
stoneware  tube  near  the  top  (see  Frontispiece).  Any  ftne  solid 
matter,  which  passes  down  the  sink-pipe,  settles  in  this  trap- 
pot,  and  is  got  rid  of  by  taking  out  the  pot  and  emptying  it 
into  a  pail  at  frequent  intervals.  The  main-pipes  are  occa- 
sionally cleansed  by  flushing  them  witii  high-pressure  water. 
Any  stoppage  in  the  straight  sink-pipe  is  readily  pushed 
through  with  a  stout  cane.  Over  each  sink  there  are  three 
low-pressure  water-taps  for  washing  and  for  supplying  con- 
densers, and  two  high-pressure  water-taps  for  aspirators. 

Lead-covered  sinks  lessen  the  risk  of  breakage  arising 
from  the  dropping  of  apparatus  while  it  is  being  washed, 
but  they  are  easily  corroded  by  acids  and  are  less  cleanly 
than  stoneware.  The  largo  woodeu  grid,  which  is  laid  on 
the  bottom  of  a  stoneware  sink,  is  a  very  efficient  and  per- 
manent grid,  and  saves  breakages. 
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1113.  A  Stoneware  Pocket  is  hang  upon  the  end  of  each 
working  bench  to  receive  waste  filter-papers,  broken  glai 
and  other  solid  refuse.     This  pocket  is  frequently  emptied.  1 

1114.  Bench  Draughts.— Each  bench  is  provided  with  ai 

a]>erture  leading  to  a  strong  draught,  and  into  this  apertu 
a  copjier  hood  can  be  fitted,  which  serves  to  carry  away  a 
vapours  or  badly-smelling  gases.  The  aperture  is  stoppe 
with  a  wooden  plug  when  the  hood  is  not  in  ust 
to  improve  the  draught  on  other  benches.  The  coppt 
hoodjn  are  occasionally  cleansed  and  painted  with  Brunswidl 
black,  in  order  to  protect  them  against  corrosion  by  a 
fumes :  fixed  light  earthenware  hoods  are  fragile,  bat  pre 
the  advatiti^e  of  not  being  corroded  by  acids. 
draught-hood  extending  along  the  top  of  the  centre  shelf-n 
of  the  bench  has  been  found  to  be  satisfactory :  all  hea& 
and  evaporation  of  liquids  is  then  carried  out  01 
shelf  under  this  hood. 


1 1 15.  The  Laboratory  Bench  may  be  made  of  stout  b 
or  of  AraerioaE  walnut-wood,  the  wood  being  stopped  a 
varnished  with  the  exception  of  the  working  surface  of  t 
bench,  which  should  ho  well  saturated  with  oil  and  ths 
well  rubbed.  This  working  surface  is  preserved  by  buJ 
occasionally  thoroughly  washed,  dried,  and  rubbed  dow: 
with  a  mixture  of  equal  measures  of  boiled  linseed  oil  a 
turpentine  from  time  to  time.  Less  durable  and  expenaiT^ 
wood  covered  with  sheet-lead  liw  been  found  to  serve  ^ 
for  a  bench  top. 

The  bench  may  be  3  feet  in  height  with  a  depth  of  26  ' 
inches ;  and  a  space  of  7  inches  between  the  reagent  shelves 
above  the  bench  will  be  found  suitable  for  ordinary  bottles. 
A  gangway  6  feet  in  width  aliould  be  provided  between  the 
rows  of  benches. 

Two  gas-tapa  are  fixed  on  each  bench  for  supplying 
Bunsen-burners.  If  gas  is  not  available,  Bunsen-burners 
for  consuming  methylated  spirit  or  petroleum  (III9)  may  be 
used  with  advantage.     One  lighting-burner  is  provided  at  a 
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convenient  height  for  illiiminating  the  bench  at  night.  The 
incandescent  mantle  gos-hnmer  ia  the  most  euittililo  for  the 
purpose,  unless  electric  glow- lamps  are  available. 

1116.  Bench  Lockers. — The  working. bench  is  aupplied 
with  two  lockere,  each  ot  which  haa  two  drawers  above  it. 
In  order  to  lessen  the  number  of  locks,  which  are  liable 
to  nist  in  the  laboratory  atmosphere,  a  flat  iron  bar  which 
swings  on  a  pin  is  fastened  upon  a  staple  by  a  padlock 
in  front  of  the  two  drawers  and  locker.  By  this  arrange- 
ment of  lockers  two  students  are  enabled  to  use  the  same 
bench  at  different  times.  Each  lockor  should  have  a 
different  key,  but  all  the  locks  should  be  under  the  control  of 
master-keys  kept  by  the  attendant  and  the  teachers.  The 
drawers  shonkl  bo  about  3  inches  in  depth,  and  may  bo  suit- 
ably divided  by  wooden  strips.  A  shelf  in  the  locker  should 
not  extend  more  t>ian  half  across,  so  as  to  leave  standing 
room  for  tall  apparatus. 

1117.  Preparation  Bench.— Besides  the  ordinary  work- 
ing-henches,  there  should  be  at  least  one  long  bench,  well 
supplied  with  gas  and  water-taps  and  with  overQow-pipes. 
This  bench  serves  for  making  up  solutions,  for  distillations, 
and  for  other  large  operations.  There  should  also  be  a  long 
bench  made  of  a  slate  slab,  and  covered  at  a  height  of 
several  feet  with  a  metal  hood,  under  which  is  a  good 
draught  outlet.  This  bench  must  be  supplied  with  a  half- 
inch  gas-pipe  and  taps,  and  with  water-tapii  and  overflows : 
it  serves  to  support  water-baths,  air-baths,  combustion  fur- 
naces, and  gas  furnaces  of  all  kinds. 

II18-  A  Blowpii>e-table  and  Blowpipes. — A  table,  the 
top  of  which  has  a  raised  edge  around  it,  and  which  is 
covered  with  sheet  lead  or  due,  should  be  provided.  This 
sliould  be  furnished  with  gas'taps  to  supply  gas-blowpipes, 
and  Inminous-bttrners  for  bending  glass;  and  two  or  more 
Fletcher-bellows  should  stand  beneath  it.  It  is  also  well,  if 
possiblo,  to  have  a  water-blowing  apparatus  near  at  himd 
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which    snpplieii    an   nir-blast    to   the   blowpipes    for    long 
heating  operations. 

The  Fletcher  Iiuu§en  blowpipe  (fig.  10,  7)  will  natunlly 
find  ita  place  oq  this  table.  It  is  also  well  to  keep  a  BanMii 
gM-blowpipe  (tig.  82)  on  the  table  for  more  elaborate  glaa- 
blowpipe,  and  a  Hempalli- blowpipe  (fig.  83)  tor  Bmalter  heat- 

Fio,  82.  Fto.  S3. 


Uerapath  GiH-BLoivnpE, 

ing  operations.  The  upper  part  of  the  Herapnth -blowpipe  can 
be  purchased  without  the  foot,  and  this  can  be  fitted  into  a 
Bunsen-bumer, 

1119-  Bpirit  and  Fetroletun  Burners  and  Blowpipe. — 

Heating  and  blowpipe  work  must  occasionally  be  done 
without  a  supply  of  coal-gas  and  without  an  air-blast. 
EecouTBe  may  then  be  had  to  the  Bunsen- burners  and 
blowpipes  which  burn  the  vapour  of  either  methylated 
spirit  or  petroleum  (figs.  84,  35,  80). 

In  these  apparatus  the  burner  is  first  heated  by  burning 
some  methylated  spirit  from  a  circular  gallery  surrounding 
the  burner,  and  the  supply  of  Hqtiid  coming  into  tlie  base  of 
the  burner  is  vaporised  on  coming  into  contact  with  the 
hot  burner.  In  the  case  of  the  spirit  Bunaen  (fig.  84)  tl 
liquid  is  supplied  to  the  burner  by  gravitation  from  a  t 
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[  at  higher  level.     In  the  petroleum- Bun aen  the  petroleum  is 
forced  up  by  the  pressure  of  air  which  ie  forced  by  a  little 


pump,  nhown  on  the  right  of  tlic  figure,  into  the  upper  part 
of  the  reservoir  (fig.  SB).  Tlie  blast  of  the  blowpipclamp 
(fig.  86)  is  loaintuined  by  the 
preaaure  of  the  vaporised  Hquid 
infflde  the  reservoir. 

1120-  Chemical  Store-room 
and  Balance-room.  —  Opening 
into  the  general  laboratfry  there 
should  be  at  least  two  separate 
apartments.  One  of  tliese  is 
fitted  with  shelves  for  stores  of 
ohemicaU  and  apparatus.  The 
other  is  reserved  for  use  as  a 
nference- library  and  for  delicate 
metal  apparatus,  sucJi  as  chemi 
eal  balances,  microscopes,  spoc- 
trosoopea,  and  polHriacopes, 

This  apparatus  should  stauJ 
on  a  broad  shelf  which  is  at  a  convenient  height  for  sitting ; 
'the   BbeU    is  supported   on    iron   brackets   from    the    wall, 
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SO  as  to  secure  the  chemical  balances  ngctinst  disturbance 
from  the  vibrations  of  the  floor.  The  spoiitroscope  and 
polariecope  should  have  draw-curtains  of  black  lining 
material,  so  arranged  that  when  the  inatnimente  are  in  tise, 
light  from  outside  may  be  excluded. 

A  large  central  table  should  also  be  provided  in  the 
balance-room  for  use  in  writing  and  reading.  A  special  low 
table,  with  a  raised  Haiige,  for  gas-analysis  apparatus  and 
for  other  experiments  involving  the  use  of  mercury,  is 
necessary :  and  in  order  to  provide  against  the  loss  of  mer- 
cury spilt  from  these  tables,  it  will  be  well  to  have  the 
covered  irith  linoleum. 


Bench-apparatds. 


Detailed  deKriptions  of  this  apparatus  are  rendered  uunecessarj  \>j 
the  existence  of  fully  ilUistraUd  niid  descriptive  price  lints,  which  are 
DDW  furnished  by  ttie  apparatus-sellers. 

II2I-  A  list  of  the  apparatus  which  should  he  kept  in 
each  bench-locker  will  be  found  facing  page  1.  The  separate 
items  of  thnt  list  are  repeated  here  with  the  addition  of  details 
of  dimensions  and  of  other  useful  information. 

In  Section  I.  of  the  book,  directions  are  given  for  prepar- 
ing and  fitting  this  apparatus. 

The  Bunsen-burner  with  its  iudiii-rubber  tube  may  be  left 
attached  to  the  gas-tap  on  the  bench ;  all  the  other  apparatus 
shoidd  be  locked  up  in  the  bench-locker  when  it  is  not  in 
use.  ^lost  of  this  apparatus  is  seen  on  the  bench  in  the 
Frontispiece  illustration. 

1   Biiuson-biin]Dr(i],  about  SJ  inches  in  licight,  trith  g-ineh  tube, and 

with  means  of  closieg  the  cdr-holea. 
1  Bose-top  to  Qt  the  burner  (i). 
1  Fleteher'M  Argand-Banaeu  burner,  i-inch  she  (2).  is  couveiiienl  fnr 

boiliug  tbu  waali-liottle. 
1  Piwe  of  red   er  black   india-rubber   tubing,  A-inch  in  internnl 

di&meter  and  IB  inobes  long,  tu  supply  gw)  to  the  burner, 
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1  Test-tQbe  staod  with  twelve  holes,  two  or  which  are  at  leut  1  inch 
serosa ;  best  without  draining- p«es. 

1  Tuet-tnbe  brash  (13). 

13  Teat-tubca,  6  iDchea  lung,  g-iuch  Id  internnl  Uinmeter. 
8  BailiDg-tiibcB,  S  inches  long,  1  inch  in  iotarnsl  diuneter. 

2  Round  gloss  plaies,  ground  on  one  sidn,  3  inchca  acroiis. 

&  ttorlin'iKiroclain  evaporatiiig-diHhea  M'ith  aponts,  glazed  inside  snd 

out,  and  3  incliea  in  diametvr. 
8  Watch-Klasscs,  2  inches  across. 
1  Conical  flask  of  4  otiDoes  capacity. 

1  Wedgwood -moitar,  4  inches  ncroaa,  and  pestle  with  vooden  hanillo. 
1  Galvanised  iron  tripod -stn nil,  7  laches  in  height,  with  round  to]> 

i  inchos  sorosB ;    these  dimenaioDs  arc  suitable  to  th«  above 

BuDsen- burner. 
I  Square  o[  coarse  iron  wire-ganse,  5  inches  in  the  siiie ;  best  with 

the  comers  clipped  oC 
[A  square  of  asbestos  miUbonrd  maybe  iiaeil  instead  of  the  gauze.) 
8  Plain  gloss  funnels,  two  of  them  2}  inches  ai^roas,  and  oni<  H  inches 

S  Beakers  without  lips,  wide  form,  of  1,  2,  and  3  ounces  capacity. 

S  Glass  rods,  round  at  the  enila,  7,  S,  and  3  inches  in  length, 

1  Piece  otpktiunm  foil,  1  inch  by  lj|  inches. 

3  Pieoes  of  mounted  platiuuin  wire  (g),  caL-h  2  inches  long  and  about 

0*  etnut  OB  an  nrdioory  sewing  needle. 
1  Blowpipe,  Black's  japanned  tin. 
1  Pipe-oUy  triangle,  8  inches  along  its  side. 
1   Waall-bottle  (13),  made  by  fitting  a  conical  IB-onncc  llask,  wliii'h  is 

at  least  1  inch  across  Ilie  inside  of  the  neck. 
I  Retort-stand,  uptight  rod  16  inches,  foot  6  by  3}  ini:hes,  galvnniscd 

iron,  with  3  rings  of  brass  or  gun'inetal,  tlie  largest  3  inchxH 

1  Wooden  SIter-staiid  (Kx-  49,  92),  rod  12  inches  hij-h,  two  rings  on 

one  boas,  each  2J  innh™  across,  foot  E  by  8  inchi's  by  J  inch. 
1  Pair  of  polLshrd  brass  crucible- tongs,  6  inches  long. 
1  Small  horn  Hpatula,  3^  inches  long, 

1   Wicker  oval  drain ing-basket,  10  inches  by  8,  mid  4  inches  deep. 
Cut  UltL-r-papcrs,  il,,  3),  and  8]  inches  acroos, 


SrEciAi,  Apparatus  von  Section  II. 
II22.   The  Following  Apparatus  is   required   for  the 
i«zperiments  on  gases,  and   need  not   be   supplied   to   each 
Mtadeat;    but   seveml   seta   should    be   kept   in  aoceBsible 
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positions  in  the  laboratory,  whence  they  may  hf  fetched 
when  they  are  required.  This  apparatus  should  never  be 
kept  in  the  bench-lockers.  An  asterisk  indicates  that  the 
apparatus  is  also  required  for  chemical  analysis. 

'1  Neet  of  tbe  three  or  foor  of  the  Bmallrat  sir.e6  of  hnss  cork-1i 
*]  Triangular  file,  without  wooden  h*ndl«. 
*1  Thin  ronnd  lile,  without  wooden  hnndle. 
'  Several  lengths  and   pieoes  of  h»rd  gUs*  ttibiog,  niwut 

internal  dismoter. 
*  IgniUon-tnbea,  3  incbss  long  )>y  ^  inth  acrois,  and  R  by  '^, 
'  Corks  as  free  an  pouibU  ft'om  holes  xnil  cracka,  ai^^cs  varying 

I  to  S  inch  atross, 
1  Small  metal  clamp,  in  o  boss  which  fits  on  III''  rvtort-^tand  j 

fig.  21.  33). 
1  Stoppered  bell-jar  of  16  ounoea  capnrity. 
4  Glass  cylinders  on  feet,  with  gronnd  ?>1gi?  at  top  (flg.  22, 

inches  I ligh,  IJ  inches  acrosf. 
4  Cylinders  limilar  to  the  above,  G  incliCH  high,  IJ  inches  acroBKiJ 
1  Round  brown  atonewsic  trougli,  12  inches  across,  6  inches  dt 

1  Metal  dcflagrating-Bpoon,  witJi  brass  cap  3}  iuchea  ocrasB. 

2  Two-necked  WaiiHTe's  bottlef  ofS  onnces  capacit.y. 
2  Two-necked  Wonlffe's  bottles  of  4  ouncea  capocity. 

1  Tubulated  retort  of  6  ounoes  capacity. 

2  Thiatie-funnels,  8  inches  long. 
1  Clock-glasg,  about  4  inches  acroBs. 
4  Pieces  of  red  or  black  india-rubber  lubing,  -(\,  inch  in  in 

diamater  and  IJ  inches  long. 
'  A  good  snpply  of  wnoden  spills,  or  thin  strips  of  wood. 
"  A  good  supply  of  wai  tapers,  about  11  inches  long. 
'  A  small  piece  of  thin  candle. 
1  Tube  (fig,  2B  o,  33),  6  inches  long,  filled  with  aninll  pieces  of 

ciuni  chloride. 
4  Stiipii  oF  n)ieet-lead,  6  inches  long,  J  inch  broad. 


Appabatds  for  Genhkal  Ubr  in  Analysis. 

IIZ3.  The  Following  Apparatus  should  be  kept  in  tbe 

laboratory  for  the  general  use  of  students  who   are  doing 
chemical  analysis. 

One  set  will  suffice   for  about   twelve  students.     Each 
article  should   have  its  own   place  in  the   laboratory,  and 
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should  be  replaced  immediately  after  use,  since  it  may  be 

required  by  oEher  Btudente.  Apparatus  mentioned  in  para- 
graph II22,  which  i3  marked  with  an  asterisk,  is  aleo  required 
for  analysis,  and  must  he  iueluded  iu  the  following  list  ■ — 

1  SpiriC-laiup,  i  ounces  in  ospocily,  with  cartlieiiware  wick-lioliJur  and 
ground  glaas  cap. 

1  Charcoat-borer  of  conical  foruj. 

4  Tin  lilt«r-dryera. 

i  B«rlLD-j)orcolain  crucibles,  1^  iucliiia  atrosa,  nitb  cuvDnt. 

1   IroD  mortar,  8  iuchra  acroaa,  with  ^icatle. 

1  Fletcher's  No.  5  foot-bellawa  (tig.   11,   7),  and  a  tilowpijie-tnbU 
covered  with  abeet  zinc  ut  bad. 

1  Fletcher's  Bunaeu-buriier  blowpipe,  with   ceutral  blnat,  aud  two 
laps  (fig.  10,  7). 

1  Bunsen-UoBpipe,  and  one  Herapath-blowpipe  (III8). 

1  Fletcbor's  solid  Same  buruor,  with  tripod  for  boitiug  largo  dislius, 

1  Fletcher's  iujector-rurnaca  for  strongly  heating  large  crucibles. 

1  Microscope,  with  at  least  a  1-inch  object  glass. 

I  Spectroscope,  Bunieo's  table  form  (115). 

1  Spectroscope,  direct  visioD,  pocket  form  ( 114). 

1  ladiga-priun,  stoppered. 

Tliia  prism  is  nearly  Tilled  with  solutiau  of  indigo  in  strong 
sulphuric  ncid  ;  the  dr;  stopper  ia  innerted  into  the  dry  neck  and 
ia  then  securely  fastened  down  with  line  copper  wire :  melted 
paraffin  wax  iJi  then  allowed  to  flow  over  the  stopper  and  neek. 

The  indigo  solution  is  made  by  mixing  commercial  auliihin- 
digotic  aeid  with  about  too  times  its  meaiure  of  strong  sulphuric 
acid,   letting  settle   for  several  days,  and  decantjug  into  the 

1  Agate  mortar,  3  inches  across,  and  pestle. 

This  mortar  is  used  for  reducing  hard  substance!  to  fine 
[lowdar,  after  they  have  been  already  broken  into  miuute  trag- 
uients.  The  process  of  powdering  in  the  agate  mortar  must  be 
elTi^cIed  by  trituration  j  blows  must  on  no  acuount  be  struck  with 
the  pestle,  else  the  mortar  may  be  broken. 

2  8[iib11  leaden  caps,  about  tj  inches  across  and  J  inch  deep  (606). 

These  are  made  by  heating  shcel-lead  into  shai*. 
2  Copper  wnter-balhs,  G  inches  across,  and   with  four  diminishing 
riugs  {88). 

One  large  batli  with  several  opnings  (88)  may  replace  these 
Hmaller  butha.  The  liaths  should  be  about  two-thiids  JilUd 
with  wat«r,  and  the  llainc  should  be  mi  adjusted  that  the  water 
is  kept  juat  boiling.  Eva|)oratii)g  buaius  pUoed  on  the  bath 
cannot  be  heated  above  100*  C. 
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2  Pairs  of  conii^I  flasks,  fitted  93  is  shown  in  fig.  70,  315. 
2  Tal]u]Bt«d  flaekB,  4  ouucea  in  capacity  (si^e  &g.  73,  505). 
2  Clsrke'R  retorts  with  condenwiB  (lig.  7i,  555^ 

A  box  of  assorted  pieces  of  wood  chanxul,  as  Tree  as  possible  Iram 
cracks  and  from  bark.  ^^^ 


HVDHOGEN   SULPUIDB   ApPAnATUS. 

1124.  Hydrogen  sulphide  Gas  is  conatautly  requited  by 
the  analyst,  and  should  be  readily  obtBitiablo  at  any  time  in 
a  constant  stream.  Arrangements  iiiUBt  be  made  for  pre- 
venting this  badly- Bajelling  gaa  from  polluting  the  atmos- 
phere of  the  laboratory  to  aoy  large  extent.  Uoth  these 
objectti,  together  with  economy  of  mate  rink,  are  better 
secured  by  the  use  of  a  large  apparatus  in  (.'onimou  by 
many  students,  than  by  the  employment  of  a  small  privatu 
apparatus  by  each  student. 

The  gas  is  most  readily  obtained  by  the  action  of  some- 
what diluted  cold  commercial  hydrochloric  acid  upon  fr^- 
meuta  of  ferrous  sulphide. 

1125.  General  Hydrogen  sulphide  Apparatus. — The 
apparatus  in  which  the  gas  is  prepared  has  assumed  many 
forms.  The  one  shown  in  section  in  figure  87,  and  described 
below,  is  recommended  by  its  simplicity,  efficiency,  and 
cheapness. 

Two  large  tubulated  bottles,  A  and  S,  of  at  least  two  quarts 
capacity  esch,  are  fitted  as  ia  shown  in  the  figure.  The 
tubulures  of  the  bottles  are  connected  together  by  a  piece  of 
broad  rubber  tubing,  and  the  bottle  B  is  also  connected  with 
the  wash-bottle  C  by  narrow  rubber  tubing.  Rubber  stoppera 
should  be  used,  since  these  are  more  durable  than  ordinary 
corks,  and  are  also  gas-tight.  The  delivery  tube  D  is  con- 
nected with  the  doubly  bent  tube  from  the  washing-bottle  by 
means  of  a  rubber  joint,  which  can  bo  partially  01  entirely 
closed  by  means  of  a  screw-clamp  E. 

In  charging  the  apparatus,  the  bottle  B  is  kid  on  its  side, 
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and  is  then  filled  with  lumps  of  ferrous  sulpliido.  The 
washing-bottlo  C  is  then  partly  filled  with  water,  and  the 
three  bottles  are  connected.  The  ulamp  E  is  now  closed, 
aud  the  bottle  A  is  about  half  Gllcd  with  a  mixture  in  equal 
measures  of  strong  commercial  hydrochloric  acid  aud  water. 

When  the  gas  ia  required,  the  bottle  A  is  raised  upon  a 
Buitable  stand,  and  thu  clamp  E  ia  gradually  opened  until  a 
regular  stream  of  bubbles  passes  through  the  water  in  U. 


Lahok  Htdbooe: 


I  A  part  of  the  acid  will  flow  from  the  bottle  A  into  the  bottle 

I  B,  and  will  cause  hydrogen  sulphide  to  be  evolved  from  the 

I  ferrous  sulphide;   tlie  gas  will  be  forced  out  of  B  by  the 

I  pressure  of  the  acid  which  remains  in  A.     Before  it  escapes 

I  through  the  tube  I),  the  gas  is  washed  free  from  small  drops 

r  of  liquid  coutaiiiiug  HCI  and  FeCU,  by  passing  through  the 

water  in  C.     The  levels  of  the  liquids  in  the  Ijottlaa  A,  B, 

and  C,  while  the  gas  ia  being  produced,  arc  shown  by  the 

horizontal  dotted  lines. 

When  the  gas  is  no  longer  required,  the  screw-clamp  at  E 
I  Is  gradually  tightened  until  the  stream  of  bubbles  through 
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tha  water  m  C  is  urresbed.  The  gu  then  accumulates  in  B, 
and  forties  the  acid  out  of  B  back  into  A.  tf  the  glass  Cube 
at  tho  bottom  of  B  is  bent,  as  is  shown  in  the  figure,  the 
acid  will  be  almost  completely  expelled.  This  will  cause 
the  production  of  the  gas  to  cease.  The  evolution  of  gaa  will 
tecommeui^e,  however,  as  soon  aa  the  uiamp  E  is  opened. 

During  tho  hours  of  laboratory  work  A  should  remain  raised 
on  its  stand,  and  the  apparatus  will  then  always  be  ready  for 
use.  At  other  times  A  should  be  lowered  into  the  position 
represented  in  dotted  outline  in  the  figure.  B  should  be 
permanently  somewhat  raised  in  order  to  facilitate  tha 
outflow  of  the  acid  when  A  is  lowered.  The  escape  of  the 
hydrogen  sulphide  gaa  from  solutiou  in  the  acid  is  much 
leseened  in  amount,  if  a  funnel  containing  water  or  glycorine 
is  fitted  into  the  stopper  at  the  top  of  A,  or  if  a  loosely- 
fitting  glass  stop]«r  is  dropped  mto  the  neck  of  the  bottle. 

When  the  acid  is  spent  and  no  longer  causes  evolution  of 
gas  from  the  FeS,  it  is  poured  away  and  replaced  by  fresh 
p^^^  gg  acid.     Lumia  of  FeS  are  also  occa- 

sionally placed   in   B,  as   the    sub- 
stance becomes  dissolved. 

Tho  Kipp's  appatiitiis  (fig.  88}  iu»y 
also  b«  used  for  geiicralinf;  hydrogen 
sulphide.  It  is  siniilnr  in  its  action  to 
thst  already  descilbod,  but  the  acid  rasnl 
(/)  ia  placed  aboFD  the  geuurating  vhsmI 
(e),  luid  the  two  are  connected  together 
rigiJly  wlicn   llio  apparatus  ia  lilted  up 

The  hydrogen  sulphide  appntatua 

should  stand  in  a   closet,  which  is 

lined  with  glaxcd  white   ttles,  and 

is  furnished  with  a  good  draught. 

T!ie  bottom  of  the  closet  should  be 

'     ~"  ~  (WVcroJ    with    sheet-lead,    and  tur- 

'"'  ^"'  -"■'"*     "       iiished    with   a   drain-pipe   for   the 

spent  acid,  and  a  gas-jet  should  be  provided  for  lighting  it  J~~ 

night.     The  closet  must  not  he  used  for  any  otlier  pnrj 
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Airangetnents  should  be  made  for  a  large  opening  in 
front  for  recharging  the  apparatus;  but  a  small  door  only 
aliouJd  be  used  for  introducing  the  solutions  through  which 
the  gas  has  to  he  passed.  If  the  front  of  the  closet  is  opened 
by  means  of  a  glaired  sliding-sash,  a  frame  containing  pairs 
of  glared  hinged  doors,  each  about  six  inches  by  eight,  may 
bo  introduced  into  the  grooves  beneath  the  sash.  These 
doots  enable  the  apparatus  to  he  used  with  the  least  possible 
opening  of  the  closet.  Such  an  apparatus  shouU  serve  for 
the  use  of  twelve  or  more  students,  according  to  the 
character  of  the  work  which  they  are  doing. 

iu6.  As  AppAHitna  for  Private  Dae  nmy  l<u  fitted  te  is  shown  in 
fijl'iro  89.  The  lutgcr  bottle  contains  pii^es  of  ferrom  sulijhide.  upon 
wlikh  lIC'l.  diliitril  villi  nil  vqiial  measure  of  wat«r,  ii  poured  tliioiigh 
tha  I hiitlu- runnel,  The  g&s  pjissm  through  «  little  wat^r  in  tliu  smftllor 
bottlr,  and  tbencc  into  the  solution  ta  bo  Hatiiratc-d.  The  ubb  of  a 
•mall  BiiparalUB  by  looh  student  in  n  large 
laboratory  is  not   to   be   retM>nimen<l«d  ;  F[ii,  89, 

aineu  It  cau«ea  luiiiecBHiiry  waiitH  of  time 
and  ni4tenali,  and  doaa  not  (lermit  of 
Mtufictory  control  of  the  strtnni  at  gnis 
which  IB  evolved. 

II27.  Passing  Hydrogen  sul- 
phide,— Each  student  should  keep 
n  glass  tube  D  (figa.  87,  88,  89), 
which  may  lie  fitted  upon  the 
hydrogen  sulpliido  apparatus  in 
order   to   conduct    the  gas   into   a      ,.  ,, 

solution.     When  a  liquid  is  to  be         |.|hi)B  Ai'i'AiiATua 
saturated  with  gas,  the  end  of  this 

luho  should  he  passed  down  Iq  thf  bottum  of  the  vessel 
wliich  contains  the  liquid.  A  regular  stream  of  gas  is  then 
caused  to  bubble  through  the  liquid  by  gradually  opening  the 
clamp  E  (fig.  87),  or  the  stopcock  d  (fig.  88)  of  the  larger 
apparattis,  or  by  introducing  a  sufficient  quantity  of  acid 
into  the  larger  bottle  of  the  small  apparatus  (fig.  89). 

In  order  to  avoid  unnecessary  wnate  o(  gas,  the  liquid 
■hould  be  of  sufficient  depth  to  absorb  much  of  the  gas^  and 
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the  bubblee  should  not  paes  too  fast  to  be  readily  counted. 
Tho  passage  of  the  gaa  should  be  continued  for  four  or  fivo 
minutes,  if  the  quantity  of  metal  to  be  precipitated  is  large : 
and  the  liquid  must  smell  strongly  of  tlii:  gas  after  the  air 
above  it  has  been  blown  out,  and  the  liquid  has  been  &ha]i 
Tlie  tube  D  must  bo  thoroughly  cleansed  immediately  a 

Liquid  Hydrogsn  mlphide  csn  now  be  pui-cliwed  in  meU,!  b 
WheD  ths  valre  of  tlie  bottle  is  slightly  opened,  a  stream  of  Ilie  [t 
gas  will  escape.     A  store  of  retdy-iua<le  hydrogea  sulphide  n 
kept  in  this  fomi,  and  the  trouble  of  maintainiug  the  aplwralua  I 
preparing  the  gaa  may  thus  be  obviated. 

I128.  Hydrogen  sulphide  Solution.— It  will  be  1 
convenient  to  keep  a  bottle  of  diatilleil  water  saturated  v 
hydrogen  sulphide.  This  solutionis  prepared  bypassing] 
regular  stream  of  the  gas  through  "water  which  nearly  fi 
the  bottle.  On  removing  the  bottle,  closing  its  moi 
tightly  with  the  thumb  and  shaking  its  contents  violent^ 
no  suction  must  be  felt  on  the  thumb,  but  a  slight  outwn 
pressure :  this  proves  that  the  water  is  saturated  with  the  g 


DisTiLLiTioN  OP  Water. 

II29.  As  has  been  already  slated  (73),  water  ordinal 
contains  certain  solid  substances  in  solution,  which  rei 
in  a  chemical  sense  impure,  ."'uch  water  is  therefore  u 
be  employed  for  the  processes  of  solution  and  of  wash! 
precipitates,  since  any  impurity  thus  introduced  into  a  s 
stance  during  analysis,  would  he  considered,  when  detecta 
to  have  been  present  ui  the  original  substance, 

The  quantity  of  these  impurities  which  is  present  in  a 
particular  water  supply  will  depend  upon  the  nature  of  ( 
soil  with  which  the  water  has  been  in  contact  before  i 
collection.  The  water  supply  in  some  districts  will  be  f< 
to  be  almost  perfectly  pure,  when  it  is  subjected  to  the  t 
for  impurity  (1162,  Remark  41).  Rain-water  which  1 
fallen  through   pure  air,  and    has  been  carefully  collecta 
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will  yield  little  or  no  indication  of  disaolved  impurity. 
The  water  supply  to  the  majority  of  laboratories  will,  how- 
!,  be  fotuid  to  be  unlit  for  aualjtical  purposes,  until  it 
been  freed  from  the  Bolid  subatauces  dissolved  in  it,  by 
being  subjected  to  the  process  of  distillation. 

In  most  towns  distilled  water  can  be  purchused  ;  but  it  is 
preferable  to  distil  u!l  the  water  required  for  use,  either  in 
the  laboratory  itself  or  in  its  immediate  neigbbourliood. 
For  this  purpose  steam  is  coudent^ed  by  a  block-tin  worm- 
pipe,  which  is  immersed  in  a  tub  througli  which  a  constant 
stream  of  cold  water  runs.  The  steam  may  be  obtained 
either  from  a  steam-boiler,  or  from  a  copper  still  heated  by 
a  furuace  or  gas-burner,  or  from  the  water-batlis  and  steam- 
ovens  in  the  laboratory. 

II30.  Tbe  ProceBH  of  Distillatian  may  bo  carried  on  con- 
tinuously  in  the  constant  still  which  is  figured  and  desoribed 
below.  The  sketch  in  figure  90  renders  a  lengttiened  descrip- 
tion of  this  atill  unnecessary.  It  represents  the  apparatus  in 
section  and  about  one-twentieth  its  working  si^e ;  the  side- 
feed  to  the  boiler  is  about  oue-teiit)i  its  usual  breadth. 

The  water  in  the  copper  still  (A)  ia  heated  by  the  flame  of 

Fletcher- burnt r  or  of  a  large-sized  Bunsen -burner,  The 
steam  thus  generated  passes  from  the  top  of  the  etill  through 

spiral  tin  tube  immersed  in  water  in  the  condensing-tub 
(B),  which  is  made  of  copper  or  of  )^lvanised  iron.  From 
this  condenser  the  diBtilled  water  tlowa  into  Che  largo  stone- 
ware vessel  (C),  which  is  furnished  with  a  tap  below,  from 
which  the  water  may  be  drawn  when  required.  The  long 
^pbon  lube  (CD)  serves  as  a  gauge  to  indicate  the  level  of 
the  water  inflido  the  jar. 

The  condensing-tub  (B)  is  constantly  supplied  with  cold 
Water  from  a  tap  (G) ;  this  water  llows  through  the  funnel 
tube  to  the  bottom  of  the  condenser.  The  overflow  of  hot 
iratar  pasaoe  fr»m  the  tube  (U)  at  the  top  of  the  conilunser 
•  aide-feed  for  supplying  the  bailer.  From  the  side-feed 
Mffmim  "'  "■"'"-  Hows  through  a  cuitlral  tube  to  u  sink, 
Bwwn  by  the  arrow. 
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The  spiral  block-tin  pipe  in  the  condenser  must  be  of  ^iffi- 

cieiit  diameter  to  prevent  it  from  offering  nny  obetraction  to 
the  free  escape  of  the  stonm  from  the  boiler.    livery  part  of 
this  tube  must  have  a  downward  slope  so  a£  to    prevent 
water  from  coliectiug  in  it,  anil  the  coils  must  be  support 
in  position  by  a  suitable  framework  of  wood  or  metal, 
pteveutB  them  from  sinking. 


The  copper  still  ehoiild  he  furaiBhed  with   a  broad  i 
screwing  Upon  its  mouth,  for  convenience  in  removing  t 
deposit  which  collects  within.     Into  this  lid  a  hra 
should  be  fastened  which  carries  a  acrew-uuion.     Thia  i 
enablee  the  tin  condensing-pipe  to  be  connected  »■■ 
with  the  Hlill. 

By  the  above  iiiraiigemeiil  tin-  atill  is  consUiiilly  siipp 
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with  the  hottest  water  from  the  condenser  through  the.  side- 
feed,  and  the  water  in  the  still  is  always  maintnined  at  the 
level  shown  by  the  dotted  line, 

When  the  apparatus  has  been  pro[ierly  fitted  up  and  the 
supply  of  water  has  been  duly  adjusted,  it  is  only  necessary 
to  light  and  extinguish  thu  gas  under  the  still  when  the 
distillation  is  started  and  stopped.  It  i^  advisable  to  remove 
the  incrustation  occasionally  from  the  interior  of  the  still,  and 
from  the  supply-lube  which  connects  the  still  with  the  con- 
densing vessel. 

The  wooden  stands  which  support  the  still  and  the  storing- 
jar  may  be  conveniently  fitted  with  shelves  and  doors  so  as  to 
serve  as  store-closets. 

When  snob  a  copper  still,  measuring  33  inches  ui  circum- 
ference below  and  8  inches  in  height,  is  filled  to  a  height  of 
4  inches  and  is  heated  by  the  largest  Bunsen -burner,  it  will 
yield  about  two  litre.';  of  distilled  water  per  hour. 

In  Isboratonea  which  require  u  larger  supply  of  ilistilluil  w«I«r  tliaii 
Mil  be  fuminheil  by  the  above  apparatus,  s  copper  still  of  leveral 
gftllons  eiparity  may  ba  ut  iii  itiaagnrj'  aai  bpatetl  by  »  Hmall  furnuce 
fed  with  coal,  coke,  or  gaa.  The  overllow  from  the  atill'tub  should 
then  pass  into  a  smnll  cislsm,  the  OTei'llow-|ii|ie  of  which  keeiw  its 
water  surface  level  witb  that  required  in  the  still.  The  still  ix  supplied 
with  hat  water  by  uonnecltng  it  with  tliis  cisteni  by  tiifans  of  a  tubv, 
which  it  bent  downwards  in  iU  middle  sa  as  to  binder  tlie  circnlnr.iuii 
of  water  IntweeD  tbe  still  and  the  cisti^rn. 


DiaTii.i.*T]ON  OP  Water  through  Steam-ovhnb. 

I131-  The  Distillation  of  Water  may  be  combined  with 
the  Heating  of  Drying-ovens  to  a  temperature  not  exceeding 
lOO'  U.  For  this  purpose  one  of  the  tiled  recesses  in  the 
laboratory-wall  is  furnished  with  a  glazed  projecting  hood 
and  with  a  good  draught  from  the  top.  Into  this  recess  the 
arrangement  represented  in  figure  91  ia  fitted.  It  is  drawn 
about  one-sixteenth  its  full  sine. 

A  copper  boiler  and  a  stoneware  collecting  jar  are  seen 


I 
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resting  on  the  floor  of  the  recess,  while  the  set  of  double-tMaed 
Gopper-ovene  and  the  still-tub  are  supporttjd  oo  a  strong  b 

grating  ahove. 

The  steam  ia  geuerateil  by  a  powerful  Fletcher- burner,  s 
passes  from  the  boiler  through  s  pipe  which  terminates  m 


inches  above  the  bottom  of  the  outer  casing  of  the  OTens. 
then  makes  ite  way  between  and  around  the  various  o 
and  undergoes  partial  condensation  in  heatiiig  them, 
hot  condensed  water,  thus  produced,  flows  tlirougU  a  [ 
the  opening  of  which  is  flush  with  the  bottom  of  the  c 
casing,  into  the  stoneware  jar.  From  this  jar  hot  distill) 
water  may  be  drawn  when  the  apparatus  is  at  work. 
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pipe  from  the  bottom  of  the  oven  has  a  U-bend  which  pre 
vents  the  escape  of  steam. 

Any  steam,  which  is  not  condensed  in  heating  the  ovens, 
passes  from  the  upper  part  of  the  oven-casing  into  a  bloct-tin 
wonn  inclosed  in  the  tall  still-tub.  It  ia  thus  eondenaed,  and 
dropfi  as  distilled  water  from  the  end  of  the  worm-pipe  into  a 
second  stoneware  atore-jar  which  is  provided  with  a  tap  below. 
The  level  of  the  water  inside  this  jar  is  shown  by  a  syphon- 
gaiige,  such  as  that  seen  in  ligiire  90.  The  coils  of  tbe  spiral 
tin  pipe  must  in  all  parts  have  a  downwanl  slope  so  as  to 
causa  the  water  to  flow  away  rapidly ;  these  coils  must  be 
supported  in  the  condensing- tub  by  a  suitable  frame  in  order 
to  prevent  them  from  bending  down  out  of  position. 

The  still-tub  is  supplied  with  a  stream  of  cold  water  from  a 
pipe,  in  which  is  a  control  tap  seen  at  the  right-hand  side  of 
the  figure.  From  the  opposite  side  of  the  still-tub  the  heated 
condensing- water  flows  into  a  little  feeding  vessel  attached  to 
the  side  of  the  boiler :  this  is  shown  in  section  in  figure  93. 
A  portion  of  this  hot  water  serves  to  keep  up  the  water-level 
in  the  boiler  to  tbe  dotted  line  shown  in  the  figure;  and 
the  rest  flows  away  into  the  drain-pipes  throtigh  a  central 
pipe  which  ia  seen  in  the  feeding  vessel  (fig.  93). 

All  the  connections  are  made  by  means  of  screw-union 
joints.  The  apparatus  can,  therefore,  be  fjuicltly  and  easily 
disconnected  for  removing  the  incrustation  in  the  boiler  and 
on  the  condensing  worm,  and  for  repairs. 

This  apparatus  may  be  allowed  to  run  uninterruptedly  for 
several  days  and  nights  in  succession  without  any  attention, 
after  the  gas-burner  has  beun  lighted  and  the  supply  of 
condensing  water  has  been  regulated  by  the  tap.  It  has  for 
many  years  kept  a  large  students'  laboratory  supplied  with 
distilled  water,  and  has  also  furnished  the  necessary  steam 
t(]  the  drying  ovens. 

It  hu  hfun  TuimJ  posaiblu  to  att&iii  a  hi;;]iiir  temper&terB  than  tbat 
naually  recardeil  in  a,  steam-oreii,  by  dispensing  with  Ihe  usual  inlet 
tor  air  tliroiif|h  the  door.  Tlie  air  ia  admitted  through  a  narrow 
copper  tube,  one  end  of  which  ia  scon  tm mediately  baneath  Lha  dear 


.f)l  tlie  oven,  and  tbe  oUiEr  end  opens  ii 


)  the  0 


a  Dush  wilh  ita 
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bottom.  Tbe  pip?  iUcU  is  thus  constantly  aurrouDded  with  aU*m, 
and  tlie  sir  wliicli  pnttses  tliroagh  it  into  tbe  ovea  enters  »t  a  t«in)i«n- 
ture  of  iiearly  100°.  A  small  nutlet  far  air  is  providrd  at  the  upprr 
jnrt  of  tbe  back  of  eacli  oven. 


The  Stbam-dvbs. 


I132.  Tlie  Steam-oTen  is  a  small  ovon  of  siieet  copi 

which  is  uaod  for  drying   aiibatnncas  at  a  temperature 
exceeding  100^  C.  (fig.  93,  and  fig.  57,  98).     These 
may  be  heated  by  Bteam  from  a  separate  boiler  {fig.  91) ;  and 
this  method  prevents  the  oven  from  being  coated  ineide  with 


I 


Water  Ovb». 

iDcrustation  and  from  being  burnt  by  the  heating  f 
The  oven  is  often  heated  by  water  which  is  kept  boiling  § 
the  Bpaca  between  the  ovou  itself  and  the  copper  i 
which  snrrounds  it  (fig.  92),  The  outer  caaiiig  may  harcj 
circular  opening  cut  in  the  top,  which  serves  as  a  wator-b 
this  is  covered  by  a  lid  when  it  ia  not  in  use  (fig.  92  a). 

The  level  of  water  in  the  jacket  may  be  maintained  a 
stant  by  a  contrivance  which  ie  shown  in  aootion  at  0  (fig.  9 
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and  by  a  special  sectional  drawing  in  figure  93.  A  small 
reaervoir  ooianmnicutes  by  u  lateral  tube  with  the  space 
between  tbe  oven  and  its  jacket,  and  ia  constantly  fed  with 
water  from  a  supply-tube  (d)  or  from  a  water-tap.  The 
overflow  of  this  reservoir  ia  a  central  tube,  the  end  of  which 
terminates  above  the  level  of  tbe  lateral  lube.  The  outlet 
for  steam  {/,  fig.  92)  may  be  turned  downwards,  so  that  any 
water  which  is  formed  by  the  condensation  of  the  steam 
drops  into  the  reservoir  (-■) ;  or  it  may  be  made  to  oomrauni- 
cato  with  the  worm  of  a  condenser,  when  the  steam  will  bo 
condenseil  into  distilled  water. 

lie  stesiii'DVBll  should  if  possibia  be  eupplied  witli  soft  natir  or 
with  distilled  water ;  tba  forniation  of  a  trouble&oine  incniatation  in 
intciior  is  tlma  prevented.  A  raised  vmael  or  distilled  water  may 
be  eonuected  witli  tbe  sapply-pipe  Id),  and  the  overHow  may  then  ho 
i7oUci.'t«il  and  CKoasionally  returned  to  this  supply  vessel. 

Or  better  still,  Ihf  escape-pipe  (/)  msy  be  tnmod  upwards  and  con- 
nected with  a  long  rertical  or  oblique  tube,  which  will  i^ondonse  the 
uscBping  sloatn  and  return  it  la  tlie  oveu.  This  arraugement  obviates 
tb«  iiecassity  of  a  constant  supply  of  wHter.  In  this  case  the  water 
he  oven  should  not  be  allowed  to  boil  (oa  vigorously,  else  tlie  steam 
will  not  be  completely  coiidcnseU  by  the  vcrticnl  tube. 
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RECOVERY  OF  SILVER  AND  PLATINUM  FROM 
THEIR  RESIDUES. 


II33-  Waste  scraps  of  platinum  and  silver,  and  solutioi 
and  precipitates  which  contain  these  metats,  should  not  h 
thrown  away,  but  should  be  preserved  in  two  large  jars, 
which  are  specially  reeerved  for  them,  and  are  labelled  !<ilDer 
Residuey  and  Plaiinum  Regiduex  respectively,  Platinui 
chloride  and  silver  nitrate  may  be  obtained  from  these  residoi 
by  the  methods  described  below. 


S1I.VBR  BB81DUH8. 

1134.  Some  HC'l  is  poured  into  the  jar  which  contains  ti 
silver  residues,  and  the  acid  is  thoroughly  mixeil  with  t 
contents  of  the  Jar.  The  precipitate  is  then  nllowed  to  8' 
side,  and,  after  the  liquid  has  been  decanted,  this  precipj 
tate  is  thoroughly  washed  by  deoantation :  it  may  then  ) 
treated  either  by  paragraph  II35  or  II36. 

1135.  The  wet  precipitate  is  rinsed  into  a  flat  shallow  disi 
and  the  layer  of  water  is  acidified  with  H.,SO,.  Strips  0 
Zn  free  from  Pb  are  then  laid  upon  the  silver  precipitate 
and  the  whole  is  allowed  to  stand  quietly  for  several  houi 
The  black  spongy  mass  which  remains  is  metallic  ailve 
This  is  separated  from  any  romaining  Zn,  and  is  then  « 
until  it  is  tree  from  H^SOj. 

This  metallic  deposit  is  dissolved  by  heating  it  with  p 
strong  HKOj,  which  has  been  diluted  with  its  own  n 
of  water.     The  solution  is  evaiioriited  to  dryness ;  th 
residue  is  dissolved  in  water,  and  is  once  more  evaporate 
to  dryness  in  order  to  remove  free  add  completely, 
residue  is  then  dissolved  in  the  proper  pro[iL>rtion  of  n 
to  give  reagent  +8  {1161).     Any  residue  insoluble  in  HNQ] 
is  returned  to  the  silver  residue  bottle. 
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II36'  The  veil-washed  precipit&te  which  has  been  obtained 
from  thp  stiver  residue  bottle,  after  the  n'ldition  of  HCI  in 
exeesa  (II34),  is  filtered  oflf  and  dried.  It  in  then  mixed 
with  twice  its  weight  of  a  mixture  in  equal  proportions  of 
KjCO.,  and  Na.jCO.,.  This  mixtiira  is  transferred  to  a  clay 
crucible  and  ir  fused  in  a  furnace.  After  the  contents  have 
been  kept  in  a  fused  condition  for  four  or  five  miniiteB,  the 
crucible  is  removed  and  its  bottom  is  tapped  several  times  on 
brick  so  as  to  cause  the  melted  globules  of  Ag  to  unite. 
When  the  crucible  is  cool  it  is  broken  iip,  and  the  button  of 
Ag  is  removed  and  well  waahed.  It  is  then  converted  into 
AgNO.,  solution,  as  is  described  in  paragraph  II35. 


Platinum  RBsinuKa. 

II37'  Tbc  liquid  in  the  Platinum  residue  bottle  is  shaken 
Up  with  the  precipitate,  and  the  whole  is  evaporated  to  dry- 
in  a  porcelain  dish.  The  residue  is  then  heated  strongly 
for  Home  time.  When  the  dish  is  cool,  water  is  poured  upon 
the  residue  and  boiled  with  it,  and  is  then  decanted  olT. 
Solution  of  oxalic  acid  is  now  poured  into  the  dish  and 
evaporated  to  dryness,  and  tbe  residue  is  once  more  ignitetl 
etrongly, 

Tbe  residue  of  metallic  Ft  ia  thoroughly  washed  with 
boiling  water,  and  is  dissolved  by  heaUng  it  with  HCI, 
to  which  one-third  its  measure  of  HNO.,  baa  been  added. 
Tlie  solution  is  evaporated  to  dryness  over  a  water  batlj. 
HCI  is  then  poured  in,  and  the  liquid  is  once  more  evapo- 
isted  to  dryness  and  heated  for  some  time  on  the  water- 
bath.  This  residue,  when  dissolved  in  water,  forms  reagent 
26  (1161). 

Waste  scraps  of  platinum  foil  and  wire  should  he  care- 
illy  preserved.     They  are  cleansed  by  boiling   them  with 
IHOj  and  washing  tliem  well  with  water.     Tbey  are  then 
issolved  in  a  mixture  of  HCI  and  HMH^,  and  converted 
into   solution   of   PtCl,,    as   is  described    in    the   preceding 
paragraph, 
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CHEMtCALS  AND  REAGENTS. 

In  the  Following  Porsgnplu  gsiieTftl  Diiectloiu  nre  giren  for  the 

preparation  of  the  rcagvtita  and  of  tlic  t''et-9iitu<ta[]i'e6  trhicli  are  re- 
ijuiiwl  ill  t!ie  prtreiliiig  Analytical  Coursu. 

Tabulaleit  lists  o(  the  iinmes  uiil  formula  of  these  BDt)Slt>Ill^iS  toWovi 
tho  general  dJrePlions.  A  reference  tiiunber  is  attached  to  eaph  sal^ 
stanf^e,  and  (wrtaiii  ni-cessiry  detaila  concerning  its  prepsrktion  and  the 
tents  for  its  parity  are  also  supplied,  Liata  of  the  chemicala  wliich  an 
required  foi  the  experimenta  in  Sectious  I.  and  II.,  and  of  eertnin  special 
rMgonts  for  detecting  tho  Enrt-r  Elomenl*  and  Organic  Sobalancra,  m« 
alto  given. 

The  pare  chemicals  which  are  I'equircd  in  analysis  tre  readily  pur- 
chased, and  it  will  be  found  more  economical  lU  a  rule  to  liny  them 
than  to  prepare  them. 

The  preparation  of  the  anlntions,  and  the  dilution  of  acids  and  olbsr 
liquids,  should,  however,  always  be  perfonued  in  the  khoratory,  sine* 
tins  teaseiia  the  cost  both  of  purchase  and  of  carriage, 

Subalnnces  suitable  for  analysis  are  suggested  in  paragraphs  1168- 
117a. 

II38.  Solution  and  Dilution.  -Many  reagents  niid  toet- 
siibatances  must  he  dissolved  or  diluted  before  they  are  used. 
As  these  processes  of  solution  and  dilution  most  be  constantly 
carried  out  in  a  laboratory,  it  is  important  that  the  methods 
employed  should  be  as  simple  and  rapid  in  execution  as 
possible,  in  order  that  the  expenditure  of  labour  oiid  of  time 
should  be  minimised. 

It  is  also  of  great  importance  that  the  solutions  should  be 
of  appropriate  strength.  It  is  usually  adrisahle  that  the 
same  hquid  should  be  of  different  strengths  when  it  is  used 
as  a  reagent  and  as  a  lest  solution.  In  either  cas?  a  strengtli 
can  be  selected  which  generally  yields  the  most  satisfactory 
results.  If  the  solution  is  stronger  than  this,  chemicals  are 
wasted ;  if  it  is  weaker  than  this,  the  reaction  is  not  satisfac- 
torily obtained.  Hence  it  is  adviHable  to  keep  these  Ittjaids 
in  readiness  for  the  student,  rntlier  than  to  leave  him  to  pre- 
pare tbetn  doubtfully  or  wastefnlly  when  they  are  required. 
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lu  order  Lhat  the  labour  of  preparing  these  Bolutions  may  be 
reduced  to  a  minimiim,  it  is  well  to  make  each  solution  in 
some  quantity  and  to  keep  it  ia  stock. 

1139.  The  Apparatus  required  for  Preparing  Solutions 

includes — 

A  coniiuou  [lair  of  jscbIss,  witli  rartheiin  are  slabs,  iiiiJ  bertiii  lieluw. 

A  marc  delic&ta  i)ur  of  onliiiar^  scoIes. 

A.  wt  of  brass  weiKliU  rroni  1  kilogruu  to  1  gr»iiimv, 

A  atruiif;  glMK  mouuring-cyliivlcr  to  deliver  1  litie,  unJ  with 

grsdiiatintiH  for  every  5  or  10  cnbiu  centirnetrtiH  (i:,c.), 
.Several   largv  wido-moutliiitl   gallon  jan,   some  of  atonewsre  or 

eartbeiiwara,  others  of  common  green  glasa. 
Several  largo  runnel.i  of  glass  or  of  Wtdgn'ood  wiiru>. 

A  convenient  Store-bottle  for  Liquids  ia  a  well-cleansed 
Winehegter-rjmiH,  the  bottle  in  which  acids  and  other  liijuids 
are  constantly  supplied  to  the  laboratory. 

The  process  of  preparing  liquid  reagents  is  naturally 
divided  into  the  Dilution  of  Liijuido  (1140),  the  Holutim  i-f 
HiAuU  (II41-1146),  and  the  Solutiun  ><f  Qmee  (1147-1153). 


Dilution  of  Liquids. 

1140.  In  the  Lists  of  Diluted  Liquids  which  Follow, 

the  proportions  by  Tiicasure,  in  wiiich  the  liquids  ate  to  be 
mised  with  distilled  water,  are  stated.  Liquids  may  bci 
tniKed  in  these  proportioiiB  by  measuring  them  before  they 
are  mixed.  But  the  process  is  often  simplified  by  measuring 
the  height  from  the  bottom  of  the  cylindrical  vessel,  in  which 
the  mixture  is  to  be  made,  to  the  level  which  the  mixture  is 
to  roach.  This  height  ia  then  divided  in  the  requisite  pro- 
portion :  and  the  division  is  marked  by  a  file  or  a  diamond, 
by  a  painted  line,  or  by  an  india-rubber  ring.  Each  liquid 
is  then  poured  in  to  its  own  level,  und  the  liquids  are 
thoroughly  mixed  by  shaking  the  bottle.  The  mark,  when 
once  made,  will  always  serve  for  dilutiug  the  sume  liquid 
Again  iu  the  aumo  vessel. 
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This  dilute  HCl,  No.  2  (II60),  is  made  by  mixuig  stroi^ 
HCl  with  three  times  its  measure  of  water.  The  height  of 
u  Win uho9ter-q liar t  bottle  from  its  botlum  to  ttg  shoulder 
was  found  to  be  8  incheji.  A  mark  was  therefore  m:>dp  on 
the  bottle  '2  incites  from  the  bottom,  and  strong  acid  was 
poured  in  until  it  reached  this  mark.  The  bottle  was  llieu 
tilled  to  the  alimilUer  with  distilled  water,  uud  stoppered  and 
sfaakeu.  It  was  t.hua  quickly  filled  with  dilute  acid  of  the 
required  strength. 

This  method  serves  for  numbers  2,  3,  4,  6,  and  7  (I160). 

In  the  preparation  of  dilute  11^80,  (I,  II60)  ii|><u;ial  pre- 
cautions are  necessary,  because  the  strong  acid  bucomus  boated 
by  dilution,  see  Remark  1  (1160). 


Solution  op  Solids. 

I141.  In  the  Lists  of  Dissolved  Solids  which  I 

the  proportions  of  solid  to  water,  which  are  to  be  i 
preparing  each  solutioD,  are   always  placed  in  the  l^'oi 
and  Fifth  Columns. 

In  some  of  the  Tables  the  Fourth  Column  gives  the  d 
of  grammes  of  the  soUd  to  be  dissolved  in  the  Wtncbes 
quart  of  water.     This  number  is  derived  from  the  proport 
of  solid  to   water,    by  considering    that   when    an 
Wincliester- quart    bottle  is  lilled  about  an    inch  above  i 
shoulder,  it  holds  2400  u,c  (cubic  centimetres),  or  appro 
maLely  240U  grammes,  of  distilled  water. 

In  a  similar  manner  the  weight  of  water   held    by  a 
other   bottle   or   vessel    may   be    obtained    with    sufficia 
accuracy    for    tliis   purpose    by    measuring    its   capacity    i 
c.c,  and  counting  this  number  as  the  weight   of   water  t 
grammes. 

Thus  the  strength  given  for  the  Am<Jl  luagent-solul 
No.  5  (Il6o),  is  1  :»,  as  is  shown  in  the  Fifth  Colui 
This  means  that  a  given  weight  of  water  must  be  t 
dissolve  one-eighth  its  wuight  of  solid  AmCl.     Since  a  Wi^ 
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chester^uarl  bottle  hold^  3400  grammeB  of  waLer,  one-eighth 
of  2400,  or  300  grammeH,  of  AmCI  must  be  disdolved  in 
this  water  in  order  to  obtain  a  solution  of  the  required 
Btrength. 

Pure  solid  cheiniealB  are  usually  sold  iu  the  crystalline 
condition.  Hence  it  may  be  asaumuJ  that  the  crystalline 
substance  is  to  bo  used,  unless  (n),  wliich  signifies  amor- 
phous, is  placed  against  the  name  in  the  first  column  in 
the  table. 

I142.  If  a  Small  quantity  of  a  Finely-powdered  Solid 

has  to  be  dissolved,  or  if  the  solid  is  extrcmiily  soluble  in 
water,  the  solution  is  often  most  simply  made  by  introduc- 
ing the  weighed  sohd  at  once  into  the  water  contained  in 
a  stoppered  bottle  or  beaker,  and  then  shaking  or  stirring 
the  water  until  solution  is  completed.  This  method  is 
Bucceasfui  with  No.  10  (II60),  with  Xos,  28,  34,  38,  48,  53, 
61,  63,  TO,  77,  78,  81  (1161,  II62).  and  with  many  of  the 
substances  in  paragraphs  II63,  II64- 
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1 143.  For  Dissolving  Lai^e  Q,uantitieB  of  Solids  two 

methods  are  described  below.  The  first  (II44)  is  useful 
when  the  solution  mui^t  be  rapidly  prepared,  and  is  of  general 
application  to  the  solution  of  solids ;  but  the  second  (II45) 
is  decidedly  preferable  for  many  reasons,  and  should  always 
be  employed  if  possible, 

1144.  FiBST  Mbthod. — Weigh  out  the  required  quantity 
of  the  solid  substance,  and  heat  it  with  distilled  water  in  a 
largo  porcelaui  dish  over  a  Bunsen-burner  with  a  rose-top,  or 
over  a  Flo teher- burner. 

This  solution  would  often  crystallise  as  it  cooled;  hence,  if 
it  is  not  clear,  it  sliouM  either  be  filtered  in  a  hot  filter-jacket 
(see  Note,  below),  or  il  may  be  at  onco  poured  into  some  cold 
distilled  water  contained  in  a  lar^'e  Imaker,  which  lias  been 
marked  to  show  the  quantity  of  liquid  required  to  fill  the 
store-bottle.     While  the  liquid  is  being  poured  out  of  the 
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dish,  a  wet  glass  rod  should  be  held  vertically  and  preemd 
agaiDst  the  lip  of  the  dish,  and  the  bottom  of  the  dish  si 
touch  the  top  of  tlie  beaker.     These  precautions  will  pn 
the  liquid  from  tunning  down  outside  the  bcalcer. 


preeted 


A'otf.— The  Filter.juket  (Bg.  94)  is  »  ilouble- Hailed  couicU  vi 
wljich  Ushsped  t-i  lit  the  funnel,  and  whicli  linsn  lioUow  projection (o) 
FOmniuuicBting  ftiUi  theiuterior  of  the  jaakut.  Brrore  theiip|wralu«U 
wed,  it  a  about  hBir-Gllod  with  water.  Tbu  wutcr  ia  then  bested  to 
boiling  by  placing  a  Banwn*n>me  bcneatli  the  projection  (a),  vrlitcIiU 
filled  with  witnr  comtnutiicktiag  vitk 
^1".  94.  tliut  In  tliB  jacket.     In  tliis  way  hot 

water  will  eilcuUte  ihroughollt  Uie 
cupper  Jsckot,  and  thas  tlie  runiwl 
Riipgiurtnl  ia  it  luaj  bo  kept  hot 
ilurinR  KltratioD. 


The   solution   18    now  diluted 
with  distilled  water   to    the  re- 
,,  ,  i|Uired  volume,  if   thia  has  nos 

been  done  already :  the  liquids 
are  mixed  welt  by  stirring ;  and  if  the  solution  is  turbid,  it 
is  coveted  and  allowed  to  stand  until  it  is  clear.  It  is  then 
poured  off  into  the  store-bottle,  the  sediment  being  left 
behind. 

If  the  hquid  is  wanted  in  haste,  it  maybe  filtered  into 
the  bottle.  For  this  purpose  a  double  filter  or  a  Quted  Ulter 
may  be  used.  If  the  liquid  is  HUered  before  it  Ims  been 
diluted  to  the  full  extent,  the  quantity  to  bo  passed  through 
tlio  filter  will  be  lessened  and  timo  will  be  ecouomiaod. 


The  Operation  of  FiltratiOB,  as  it  is  described  for  ordinary 

analytical  purposes  in  paragraph  92,  is  very  slow  when  a 
large  quantity  of  a  solid  has  to  be  separated  from  a  liquid. 
This  is  partly  due  to  the  fineness  of  the  pores  of  the  filter- 
paper,  and  partly  to  the  fact  that  the  paper  is  in  close  contact 
with  the  sides  of  the  funnel. 

Methods  ate  described  below  which  serve  better  for  deal- 
ing with  large  quantities  of  material  to  bo  filtered,  such  as 
ate  used  in  the  preparation  of  pure  chemicals  and  of  stock 
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Bolations.    It  will  be  r 
varies  with  tlie  cliikraC' 


)ticed  that  the  method  to  be  emplojed 
;r  of  till!  solid. 


Ofllatinoiu  oc  Nongranular  SolitU  me  conrellieDtly  sopanted  From 
the  liquiiis  irhicli  conUiii  them,  by  HUratian  tbrough  a  Urge  surface  of 
One  Hqeii. 

One  method  Tar  eHecting  this  is  shown  in  figure  95,  The  linen  is 
Brat  waghetl  in  hot  water  nntil  it  is  free  froni  glaze  :  it  is  then  placed 
in  a  large  funnel  t,nd  made  to  aastiine  the  nhape  of  a  bag,  as  Is  ahowu 
bj  the  dotted  line.  The  bag  ia  kept  in  its  plaoe  by  [iresBing  a  ring  of 
wood  Rnnl;  into  the  top  at  the  Tnnnel,  aa  U  shown  iu  shuded  section. 
When  the  tUtration  is  finisbe<l,  the  bag  may  ho  eijuoezed  so  as  to 
remore  the  adherent  liquid  more  completely  from  the  aoliii. 

A  simple  moililication  oF  this  method  consists  in  ninkiDg  a  sijimri' 
wooden  Frame  about  six  inches  across,  and  driving  iu  h  wire  nail  st  ciwh 
of  ita  corners.     The  heada  of  the  nails  are  then  cat  o IT  so  as  to  forni 
Ibar  pioa  ujKin  which   the  lineu  can  be  hung 
is  the  form  at  a  bag.     Ths  Funnel  is  thus  Fio.  9S. 

difipented  with. 

OiumUr  or  Orjwtalllne  Boltda  may  bo  con- 
veniently sepatHted  from  tlie  liquids  which 
contain  them,  by  means  of  a  circnlar  jier- 
(orated  porcelain  plate  about  two  inehvs  in 
diameter. 

The  perforated  plate  is  dropped  into  the 
fannel  and  reniitDs  about  1 J  inches  fi'ani  thi' 
apex  of  its  conical  Interior  Hurfncv. 

The  plate  is  thpn  covered  with  a  disc  of  LoosbLinbn  Filtrr, 
fllter-p»per  or  o(  liaen,  which  should  bo  very 

■lightly  larger  than  the  plate.  Afler  the  moistened  filter  has  been 
pressed  into  close  contact  with  the  iuside  of  the  funnel,  the  liquid 
which  ia  to  be  filCfred  is  ponred  upon  the  filter.  Filtration  will  take 
place  much  more  rapidly  in  this  filter  than  in  an  ordinary  paper  filter 
which  is  in  coulact  with  the  funnel  by  its  whole  surface. 

II45.  The  Second  MktiioI)  depends  upon  the  fact  that 
the  Bpecific  gravity  of  water  hecomea  higher  as  the  f[uantily 
)!id  diMolved  in  it  is  incroaBBd.  >Ience  if  tho  solid  is 
immersed  just  beneath  the  Burface  of  the  water,  a  circula- 
tion of  the  liquid  is  produced.  The  water  which  has  been 
in  oontHot  with  the  solitl,  and  has  beon  increased  in  apecific 
gravity  by  dissolving  it,  conatantly  sinks,  aud  is  replaced  by 
the  comparatively  lighter  liquid  from  below.     This  oircula- 
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tion  of  water  over  the  solid  substance  gradually  disfolves  it 
without  the  use  of  heat,  and  the  process  requires  no  atUn- 
tion  after  it  has  once  been  started.  The  process  may  b* 
carried  out  as  is  described  in  (a),  (b),  or  (C)  below. 

(a)  The  most  simple  method  of  applyiuR  this  principle  is 
to  lay  the  weigbcd  solid  upon  a  piece  of  dry  well-washed 
muelin.  This  is  then  tied  up  into  a  little  bag,  and  is  eus- 
pended  in  the  upper  part  of  the  water  contained  in  a  jar  of 
common  stoneware  or  earthenware  or  of  thick  green  glasa. 
A  glass  rod  placed  across  the  mouth  of  the  jar  serves  to  hajig 
the  bag  upon.  The  process  of  solution  by  this  method  is 
very  rapid. 

(b)  A  glass  cylinder  A  (fig.  96)  which  is  open  at  both  ends 
(such  as  a  broken  beaker,  fla.'Jt,  or  bell-jar)  haa  one  end 
covered  with  muslin,  which  is  fastened  on  by  an  india-rubber 
ring  and  is  shown  by  the  lower  dotted  line.     This  cylinder 

with  a  muslin  bottom  iii  supported  in  the 
jar  by  means  of  two  pieces  of  glass  rod  or 
tube,  bent  as  is  shown  at  c  c  c. 

Distilled  water  is  poured  into  the  jai 
until  it  buries  the  muslin  to  the  depth  of 
a1)out  half  an  inch.  Tlie  weighed  substance 
is  then  placed  in  tlie  cylinder,  and  the  whole 
is  allowed  to  stand  until  the  solid  has  been 
dissolved,  "With  large  quantities  of  sub- 
stance this  will  usually  require  several  hours; 
with  smaller  quantities  about  twenty  minutes 
or  half  an  hour  will  be  necessary. 

(c)  A  convenient  substitute  for  the  glass 
cylinder  with  muslin  bottom  is  an  earthen- 
ware colander  (flg.  97).     If  the  jar  is  too  large  a  stoppered 
bottle  of  suitable  size  may  be  placed  in  it  so  as  to  raise  the 
water  level  sufficiently  to  reach  the  auljstance. 

The  processes  of  solution  and  filtration  may  he  performed 
simultaneously  by  laying  a  piece  of  filter-paper  on  the  bottom 
of  the  colander,  or  upon  the  mualin  before ^it  is  fastened  on 
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e  the  retards - 
Fill.  B7. 


the  cylinder.    The  presence  of  even  the  coarsest  filter-paper 
will,  however,  considerably  retard  the  process  of  aolntion. 

Large  qiiiintities  of  subxtance  are  most  conveniently  dis- 
solved  by  atarting  the  process  over  night ;  the  eolution  will 
then  be  completed  by  the  morning.  In  this  c 
lion  caused  by  the  tilter-pnpfir  will  be  im- 
material. The  paper  is,  however,  natially 
luiuecegsaiy  ;  since  any  tine  partii'les  which 
have  iMissedinto  the  water  will  settle  during 
the  night,  and  tlie  h'quid  can  therefore  be 
easily  decanted  from  the  sediment. 

It  must  be  homo  in  mind  that  the 
■volume  of  the  water  is  increased  by  the 
solution  in  it  of  a  salt,  and  especially  by 
salts  which  contain  water  of  crystallisa- 
tion. Hence  the  quantity  of  water  which  SoLurm.s  or 
is   placed   in   the  jar  must   bo   less    than  ' ''"'"'' 

the    volume  of  solution  required,  and  the  Hii«id   must  be 
made  up  to  the  required  volume  after  tho  solution  has  Ijeen 


I146.  Preparation  of  Saturated  Solutione  of  Solids. — 

A  solution  is  said  to  he  saturated,  when  it  contains  the 
largest  amount  of  the  substance  which  the  liquid  can  dis- 
solve at  the  temperature  of  the  solution.  The  <|uantity  which 
can  be  dissolved  usually  varies  widely  with  the  temperature, 
and  in  the  case  of  solid  substances  commonly  increases  with 
rise  of  temperature.  Saturation  is  always  understood  to  be 
effected  at  ordinary  atmospheric  temperature  in  the  follow- 
ing text. 

The  methods  described  in  paragraph  II4S  are  very  con- 
venient for  the  preparation  of  saturated  solutions.  The  solu- 
tion is  known  to  be  saturated  when  the  solid  supplied  to  the 
upper  part  of  the  liquid  ceases  to  be  any  further  dissolved. 

In  the  case  of  a  finely -powdered  substance,  which  will 
remain  long  suspended  in  water,  a  saturated  solution  may 
be  easily  obtained  by  shaking  tho  powder  up  well  with 
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water.  The  powder  is  then  allowed  to  subtitle,  and  the 
clear  aolutian  is  decnnted.  Tlie  following  solutions  may  be 
prepared  in  this  way. 

1.  Calcium  nulphafe  Siilu/ion,  No.  16  (Il60),  is  made  by 
filling  a  Wincheater-quart  up  to  its  Rhotilder  with  distilleil 
water,  then  pouring  in  some  plaster  of  Paris  powder, 
stoppering  tlie  bottle,  and  ahaking  it  well.  The  liquid  will 
remain  milky  for  a  long  time  ;  and  since  the  water  is  thus 
kept  ill  contact  with  a  lar^e  surfuce  of  the  solid  it  will 
become  aaliirated  with  CaSO,  before  the  powder  has 
settled. 

Aa  soon  as  the  liquid  has  become  perfectly  clear  by 
settling,  the  solution  is  decanted  into  another  bottle  for  use. 
The  sediment  remaining  in  the  first  bottle  is  again  shaken  up 
with  a  fresh  quantity  of  water  and  the  bottle  is  set  aside. 
It  will  then  furnish  a  fresh  supply  of  the  clear  solution  when 
necessary. 

3.  Linic-icaler,  No.  57  (Il62),  is  prepared  by  introducing 
freshly-slaked  Hme  into  a  Winchester-quart  bottle,  filled  to 
its  shoulder  with  tap-'calei;  and  proceeding  precisely  as  is 
described  for  the  preparation  of  calcitun  sulphate  solution  is 
the  preceding  paragraph. 


Solution  or  Gabbs, 


II47-  Many  gase.i,  which  are  more  or  less  soluble  in 
water,  are  most  conveniently  applied  aa  reagents  in  the 
dissolved  condition.  Those  solutions  which  are  most  fre- 
quently used,  such  as  eolation  of  ammonia,  of  hydrogen 
chloride,  and  of  enlphur  dioxide,  can  be  readily  and  cheaply 
purchased. 

Of  the  remaining  gaseous  solutions,  hydrogen  sulphide 
solution  should  be  kept  in  readiness,  but  the  gas  may  be 
passed  through  the  test-liquid  instead  (II27)  ;  nitrogen 
tetroxide  solution  is  replaceable  by  a  freshly  acidiiied  solu- 
tion of  potaasium  or  sodium  nitrite;  and  aa  a  substitute  for 
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chlorine- water,  either  bromina- water,  or  fieehly  acidified 
sohition  of  bleach  in  g-powder,  may  be  employed. 

It  will  be  seen,  therefore,  that  the  preparation  of  gasoous 
solutions  13  by  no  means  indispeuaabie. 

1148.  Freparatiou  of  Saturated  Solutions  of  Gases. — All 

the  solutions  of  ytises  (II49-I153)  ahoitld  be  prepared  in  IIh' 
open  ait  or  under  a  i^ood  draught,  sincu  the  gaaes  have  an 
unpleasant  smell  and  are  injurious  when  inhaled. 

E)ach  gas  ia  made  to  pass  from  the  generating  apparatus 
down  a  delivery-tube  (a  b,  fig.  98)  to  Hie  bottom  of  some  cold 
distilled  water,  contained  in  a  bottle  which  can  be  closed  by 
ell-Gtting  stopper.  The  water  is  kept  cool,  if  necessary, 
by  immersinn  the  bottle  in  a  pan  of  cold  water.  Bubbles  of 
gas  are  thus  made  to  pass  in  11  rapid 
stream  through  the  wliole  height  of  the 
liquid,  and  a  portion  at  least  of  each 
bubble  is  dissolved. 

Tlie  mlviion  i»  naluraled  as  soon  as  the 
gas  ia  not  further  dissolved.  This  may  be 
judged  in  some  cases  by  observing  whether 
the  bubbles  cease  to  diminish  in  size  during 
tiieir  ascent  through  the  liquid.  But  a 
better  test  of  satnration  consists  in  with- 
drawing the  delivery-tube,  at  once  closing 
the  bottle  with  the  stopper  or  the  thumb, 
ftud  sliaking  it  well.  If  premure  is  felt  from  Mithtn,  due  to 
the  liberation  of  some  of  the  dissolved  gas  by  the  agitation, 
the  solution  is  saturated.  But  if  suction  from  within  b 
felt,  due  to  the  gas  HUiitg  the  upper  part  of  the  bottle  being 
'dissolved,  the  liquid  is  not  yet  siiturated  with  lIu'  gas. 

I149.  Saturated  solution  of  Hydrogen  sulphide  (No.  3G, 
I161)  iJi  made  by  pausing  the  gus  from  the  apparatus  de- 
scribL'd  in  paragraph  II25  through  water  (fig.  9S)  until  the 
Uquid  is  saturated  (II48).  The  solution  should  be  prepared 
'  I  small  quantity  only,  since  the  gas  gradually  undergoes 


PBSPARATrON   OF   RBiGBNTS. 


decompoaition,   attended    with    depoeitioD    of    salphur,   l^ 

oxygen  dissolvwl  from  llie  air. 


I 


1150,  Sulphurous  acid  Solution  (No.  49,  1161)  is 
pared  as  is  described  above  (1148)  by  saturating  water 
sulphur  diosidD  gas.    The  gas  may  be  made  in  the  apparatus 
shown  in  fij^Tire  99  by  the  process  described  in  paragraph  62- 

Thiei  solution  is  kept  in  stock  for  pharmaceutical  purpoiies, 
nnd  may  therefore  he  readily  purchased.  Liquid  SO,,  may 
alao  be  purchased,  and  the  gas  which  it  evolves  by  spontan- 
uoua  evaporation ,  when  the  valve  is  opened,  may  be  employed 
for  preparing  the  saturated  solution. 

1151.  Chlorine-water  (No.  60,  1162)  is  made  by  passing 
chlorine  into  cold  water  until  the  Uquid  is  bright  yellow  in 
colour.     The  apparatus  for  preparing  the  gas  ts  shown  iu 

figure  99,  and  the  prori's^ 
■  *^"  of  preparation  is  deacrihi'd 

in  paragrapli  58.  The 
gas  may  also  be  obtuned 
from  a  cyUnder  of  liquid 
chlorine. 

Chlorine-water  is  rapidly 
changed  in  daylight  into 
solution  of  hydrochloric 
acid,  with  escape  of  oxy- 
[jeu,  The  liquid  must 
therefore  he  kept  in  a 
perfectly  dark  closet,  or 
in  a  bottle  which  il 
shielded  from  light  by  an 
PiiEi'AnATiONOPCuLOKiNEWATKii,     opsque  covBring. 

For  many  purposes 
bromine- water  (No.  43,  I161)  may  be  substituted  for  chlorine- 
water,  and  is  much  more  easily  prepared  and  preserved. 
Ajiother  substitute  for  chlorine- water  is  a  little  bleaching.-  , 
powder  shaken  up  with  water  in  a  test-tube,  and  acidi^~~ 
with  dilute  HCl. 
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1152,  Nitrogen  tetroxide  Solution  (No,  71,  1162).— 
Lead  mtrate  in  dry  powder  is  heated  in  a  test-tube  fitted 
■with  a  cork  and  delivery-tubB  (fig.  100).  The  reddish-brown 
gas  whicb  escapes  is  passed  into  dilute  H.jSO^. 

Care  must  be  taken  to  maiutaiu  the  beat  unifonnly  after 
the  fumes  begiD  to  be  evolved,  else  the  liquid  may  be  sucked 
back  into  the  hot  tube  by  the  contraction  of  the  gaa  on 
Fia,  100.  Fio.  101. 


m 


cooling.  For  the  same  reason  the  delivery-tube  must  be 
removed  from  the  liquid  as  soon  as  the  heating  is  stopped. 
ThiB  solution  need  not  be  saturated  with  the  gas. 

II53.  Hydrofluoailicic  acid  (No.  3G,  Il6l}  is  made  by 
passing  silicon  fl\ioride  gas  into  water.  The  gaa  is  prepared 
in  n  flask  fitted  as  is  shown  in  figure  99.  An  intimflto  mix- 
ture of  50  grammes  of  dry,  pure,  finely-powdered  fluorspar 
with  50  grammes  of  fine  white  saml  is  poured  into  this  flask ; 
300  grammes  of  strong  H.jS<;'4  are  then  introduced  through 
the  funnel  tube,  and  the  acid  is  mixed  with  the  powder  by 
shaking  it  round  in  the  flask, 

SiK,  is  evolved  when  the  flask  le  heated  hj  a  small  flame 
from  a  rose  burner,  Tlie  gas  passes  first  through  the  two- 
neckod  bottle  (lig.  99),  which  must  be  empty  and  diy  inside. 
Thence  it  escapes  through  a  bent  tube  a  b  (lig.  101),  which 
is  fitted  upon  the  outlet  tube  of  the  bottle  by  an  tndia- 
robber  joint.     The  end  of  the  tube  (a  b)  dips  into  mercury 
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contained  in  a  small  beaker  d  (fig.  101),  which  staiidx  ^H 
large  beaker  containing  400  c.c.  of  water,                               ^^ 

As  soon  aa  the  silicon  fluoride  gas  escapes  from  Ihe  mer- 
cury,  and  conies  into  contact  with  the  water,  it  forms  hydro- 
fluosilicic  acid  which  dissolves  in  the  water,  and  silicic  acid 
which  remains  suspended  in  the  water  as  a  gelatinous  ma^s. 
The  silicic  acid  would  soon  atop  the  escape  of    the  gas,  if 
the  end  of  the  dehvery-tuhe  were  not  protected  from  con- 
tact with  water  by  being  immersed  in  mercury. 

When  the  current  of  gas  slackens,  the  heat  is  raised,  until 
white  fumes  of  HjSO,  begin  to  appear  in  the  preparation 
flask.     The  process  is  then  arrested,  and  the  gelatinous  silica 
b  separated  from  the  liquid  in  the  beaker.     This  is  effected 
by  squeeiing  the  liquid  through  iine  muslin,  and  then  filter- 
ing, if  necessary,  to  make  it  quite  clear.    The  silicic  acid  may 
be  dried,  heated  strongly  in  a  porcelain  dish,  and  put  by  in 
a  stoppered  bottle  for  use  as  a  reagent  (No.  86,  life). 

M 

STOREJARS  AND  BOTTLES.                   ^^ 

1154.  Stock    of    Solid    Chemicals.— The    broad-necked 

common  green-glass  jars  with  Hat  stoppers,  which  are  used 
for  preserves  and  confectionery,  may  be  used  as  store-jars 
for  large  quantities  of  solid  chemicals.      These  jars  are  very 
cheap  and  strong,  and  present  the  advantage  over  stoneware- 
jars  that  the  quantity  of  material  which  ihey  contain  is  seen 
at  a  glance.     The  Hanged  stoppers  exclude  dust  aud  can  be 
made  air-tight  by  fastening  a  cork  ring  around  their  lower 
part.     The   complete  exclusion  of   air  is,  however,  seldom 
necessary.     These  jars  can  be    purchased    in    several  con- 
venient sizes.     Solids  are  readily  removed  from    tliom    by 
means  of  wooden  spoons  or  horn  scoops.                              ^^d 

1155.  Solids  for  AnalyBis— The  little  white  gloss  hon^H 
jars  with  glass  caps  serve  well  for  keeping  smaller  quaotit^^l 
of  solids,  and  con  be  made  air  tight  by  means  of  a  cork  sti^^f 
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fsHtened  round  the  neck.  These  jaia  serve  for  storing  the 
solid  powdera  which  are  required  for  analysis  in  the  labora- 
tory (II69-II72);  their  necka  are  of  the  necessary  width 
for  the  insertion  of  an  ordinary  watch-glass  to  remove 
substance. 

II56-  Keagents  and  Test-solutions. — Well  made  t  lerman 
white-glass  bottles  can  be  purchased  for  the  Reagents  and 
Test-sol utioDs.  These  bottles  have  Hat-headed  stoppers  whiuh 
protect  the  lip  from  dust,  and  each  stopper  has  been  ground 
into  the  bottle  so  as  to  insure  its  fitting.  Stopper  and  bottle 
are  then  prevented  from  permanently  parting  company  by 
having  an  identical  number  etched  upon  them. 

Accurately  fitting  g]a»s  stoppers  should  not  be  used  in 
bottles  containing  solution  of  KHO  or  KallO,  as  they  are 
certain  to  ho  set  fast.  The  use  of  a  loosely  fitting  glass 
stopper,  made  to  fit  by  surrounding  it  with  a  piece  of 
rubber  tube,  obviates  this  difficulty. 

The  liquid  Bench-re  a  gents  {1160)  may  be  kept  in  narrow- 
necked  bottles  of  6  or  8  ounces  capacity,  and  the  solids  in 
4-ounce  broad-necked  bottles.  The  General  reagents  (II61, 
1162)  should  be  in  12-ounce  bottles.  The  Test-solutions 
(II63,  II64)  require  larger  bottles  of  about  33-ouDCe  capa- 
city :  these  solutions  may  be  kept  in  stock  iu  Winchester- 
quart  bottles, 

II57.  Stock  Bench-reagent    Solutions. —The  Itenuh-re- 

agent  solutions  (II60)  may  be  conveniently  kept  in  stock  in 
ftU  accessible  position  in  the  laboratory  iu  large  white-gloss  jars 
with  glass  taps  below.  These  taps  are  ground  into  a  tubu- 
lure  near  the  bottom  of  the  botOe.  After  the  perfectly  dry 
tap  has  been  greased  and  inserted,  it  is  fastened  in  the 
tubulure  by  applying  externally  a  thick  coating  of  paraffin  wax. 
The  plug  and  seat  of  the  stopper  require  to  he  occasionally 
perfectly  dried  and  then  greased.  This  arrangement  of 
the  stock  enables  each  student  to  fill  his  own  bench  bottles 
when  necessary, 


lasklLisg  bottles. 


Labblung 


I15S-  Every  Bottle  in  use  in  the  L&boratory  sboold  be 
Labelled.  Beginners  are  much  assisted  if  tbe  label  boare  not 
only  the  name  hnt  also  the  chemicfti  formula  of  the  siibstanco 
which  is  contained  in  Che  bottle.  It  is  also  convenient  to 
legibly  number  eaeli  bottle  in  the  series.  This  number 
serves  as  a  short  means  of  reference.  It  also  helps  la  keep 
tile  battle  in  its  plact^.  so  as  to  ensure  its  being  easily  found, 
if  the  edgL-s  of  the  slielves  are  numbered  to  correspond  with 
the  bottles  which  should  stand  on  them. 

The  gummed  labels  should  be  stored  in  a  dry  place. 
When  the  label  is  used,  the  whole  of  the  gummed  surface 
should  be  wetted  and  made  to  adhere  to  the  bottle  by  pres- 
sure with  a  clean  cloth.  The  label  is  then  allowed  to  dry 
tliorottghly,  and  is  protected  by  being  brushed  rapidly  across 
with  an  ordinary  broad  flat  and  stiff  gum-brush,  which  hss 
just  been  taken  out  of  a  dish  of  melted  paraflin<wax.  A 
thin  coating  of  the  wax  is  thus  made  to  entirely  cover  the 
label  and  to  project  for  a  short  distance  beyond  its  edge 
upon  the  glass  surface, 

A  little  practice  will  render  it  possible  to  lay  on  an  even 
layer  of  the  wax,  which  does  not  penetrate  and  stain  the 
jjuper.  If  the  paraffin  is  heated  only  slightly  above  its 
melting-point  it  will  set  too  rapidly  to  penetrate  and  stun 
the  paper. 

This  paralhn  varnish,  if  properly  applied,  perfectly  reaiste 
the  action  of  water,  acids,  and  alkalis.  In  fact,  it  can  only 
be  removed  or  injured  by  mechanical  means,  by  heat,  or  by 
such  solvents  as  ether  and  turpentine. 

Bottles  containing  the  strong  mineral  acids  commonly  have 
tlie  name  or  formula  etched  upon   their  surface.      This  is 
costly,  and  it  is  unnecessary,  since  the  paraffined  poper 
resists  the  action  even  of  strong  acids. 

Names  and  formuliB  painted  on  bottles  witli  Brunei 
black  are  also  permanent  in  the  laboratory. 


I 
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LISTS  OP  HEAGBNTS  AND  CHEMICALS. 

I159.  In  the  Following  ListB  (1160-I165)  cadi  Keaguni 
and  Test- aubslon  1:0.  which  la  required  in  the  preceding 
AoalylicBl  Course-,  will  be  found. 

In  the  First  Columu  of  the  Table  is  a  number  whit'h  may 
be  used  for  refcrenuw,  and  which  aervefl  to  keep  the  bottle  in 
its  place  on  the  shelf. 

In  the  Stcond  Column  stands  the  name  of  the  substance, 
and  in  the  Third  its  chemical  formula. 

The  subsequent  columns  give  the  strength  of  the  solution 
and  the  details  of  its  preparation  are  added,  if  tliQ  general 
methods  described  in  paragraphs  1140-1146  do  not  apply. 

An  "s  "  following  the  reference  numbers  in  puragraplw 
Il63>  II64  meana  that  the  substance  in  required  in  the 
solid  state  iis  well  as  in  solution.  A  i<ounce  bottle  con- 
taining flomi-  of  the  powdered  solid  should  be  placed  near 
the  bottle  which  contains  the  solution. 

The  directions  for  preparing  liquid  reagents  have  Ijeen 
already  given  in  paragrapha  II40-II53.  It  is  only  necesanry 
to  add,  that  in  stating  the  proportions  of  solid  or  liquid  to 
water,  required  for  the  preparation  of  the  solutions,  the 
water  always  stands  last ;  and  that  (m)  signifies  proportion 
hfi  rtteagare  of  liquids  to  water,  uud  (if)  proportion  In/  tonight 
of  solids  bo  water. 


REAGENTS  RBQDIRID 


fllBO.] 


iitia— RsAaBNTS  BSQunuo 


Sulphuric  idd  OX 
Hjilivchlorte  (CW  I' 
KlUte  *cl>l  <•).     . 


iichloriila(^ 

DrAmmuiiluni  hydiiit«n. 

n  lolpblda  O. 

•a  MrUaiwte  (*),>_       — 


IT  Potaulum  hydnia, 

m  rcnwfuilde, 

um  [crrlcj«nlil«  C),  . 


J  Ujiiric  dUoJlc  p!io![ih»le,  or        f  ... 
(itjdnnlBudiiodlnmliliisiiliiili;.    ' 


Tot  papen, 


HHOi  . 
IbCAOi        I 

NB,a  . 

>1IiH0...       _ 
(HHA8. 
(NBAOO,       _ 

KHO  ... 
K,CK),  . 
K,FeC]r»SH,0... 

■<-i,HPO,.l*H^ 

Nh^i.IOH^  (cryHaK) 
ClfiO,    ... 
BodtZUiO      . 

KaHOO, 

Kaoi  ._     . 


*  TIlid  r«A{;ent  undalgoca  ilecuiii]>oution  by  rx|waura  to  light.uid  moat  not  be  k«pt 
t  H;dii>g«n  •odium  ammouani  iilioiqthiLU  (NiAmHPO^  (olution  Hrm  battw  for 
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Wclftit    ot    ulid    Id 


FOR   EACH   BRNCII. 
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i^  bjrwilgtiC 


In  mull  erriUli. 
1    anil   red    llt- 


inclpfUW  (PIkSI 


[Tbe  mull  niunben  refer  to  carreipiiiidiiig 


1.  Pun  Mang  H^,  mtut  b«  pound  In  th* 

trupcr  ■•ropoTtlan  Into  w(l«r  coDUJued  In  ■ 
iTKi!  tidn  beakor  or  u  «rthan  tar,  oun- 
aUmtl)'  ntirrinii  the  iraUr  all  tbe  tune :  tli< 
right  praportiona  ars  olitalDed  by  nuanira- 
in«nt  ■>(  the  lielfhl  uf  tha  vea»]  (114s).    lii* 

In  cold  water,  and  li  than  poured  InU  tha 

lormi  dnrlni;  illtutlon. 

0  wlUi'elllur  BiClg  or  Bi^.  ud 

^hKCyS. 

U.  Muit  glienaprcclplMta  after dtlntJon,  with 

Bit  Ig  ur  AkMO],  added  to  leparate  portlona, 

aud  no  colour  with  KCyS, 
4.  MuBlglreuopreilultalB  wilhBaCl,. 
£>.  Must  give  DO  prccfpiute  or  coloratlOD  witb 

t.  Mual  (tire  onl;  a  Terr  tllibt  preelpltata 
Kith  Uois  water,  no  coloration  with  AnkS, 
and  Hparate  portioot  aeidined  with  HNIW 
inUHt  ^VD  no  precipitate!  wltli  UaCl*  ann 
AgSn^  ■•  Uquor  aoimonliD  fortlxlnia."  ot 
SSO*  ipeclflo  BTSTll]'.  It  booitlit, 

and  a  wlilte  prccfpitate  uf  3 :  It  muat  give  no 
predlpltate  irlih  aolutloiii  of  Ca-  or  Mg-iall«. 
8.  Tlie  mild  Am-CH),  l<  dlmnlvprt  hy  Hiowcnort 

"Wiuuliaitdt"   wiul  b« 

e  ptKlpItale  wlUi  FciCIi 


,it4s)ln  LI 


lu,  Mual  yield  nuprectnllalawllhAniliO. 
11,  Dry  nnDlX'powuereil-'lilcarlHtiiaieotioda.'' 

It  muat,  after  having  been  d1a^'»]i'L'U  in  ex- 

ceil  ot  HNO,,  give  no  preclpltnii-  '>  Ith  l^iiT 

or  AgNO,.  or  AmHUoD,  (17^' 

porated  with  1  "  '■  " 


IS,  The  bon 


llute  nil 
I  It  lielt  dried  b;  Ir 


GENERAL   REAGENTS   ] 


II61.  —Reagents  for  GEiiBttAL  Tfra 


Bxcept  in   large  laboratoriea,  it   will   b«  nnnecessAry    to  keegi  ttiH 
til  the  Isboratorj,  may  be  made  up  to  tlie  right  stron^^h,  u  soon  u  they  u 


m  tuintf ,  Dydiic  aodlc  tutrnle  (") 


CobaJt  nttratc  [") 

au]|)tiimttad  lirdroBcn 
By<]ragtD  nilpblde 


atannou>cliloriil9(^ 


or(^ 


St«lt^i>    . 

surer  Dltnti      

Bnlpbnmui  scld 
Capper  anlplute 
UBgneBlam  tulptutc    - 
MercDiic  cblorlds 
Qold  chlorlda 
Ammoulum  aeeltte     ,. 


HSO,     . 

pta,    „ 

0,H^    . 
B,TarB,C,iqO, 

J  N«HT.H,0 

1  NaHC,H.O»HiO 

(.-.(BO), 

E^orBCjH.O, 

Co(NO,)„OH,0 
BjSiF.   . 


KCyS     ...       „. 

(  PtiA-SH,0  1  " 
I  PIXC,H,O0,.SH3O  f" 

)  KaI.$B,0  . 

t  MlC,B,0,.3B,0  f  * 

KC^.OtKCX  ...  _ 

andflBiO     .„  _ 


AtMO,  ... 
fliSO,  . 
Cii80,.BB,0 
MgSO,.TB,0 
Bgd,  ... 
Ana,  . 
AmX      ... 


*  Sre  Init  colnnm  on  tbs  precedio);  page. 

t  Must  bo  UBfid  ia  very  Bnull  qnintity  oiily,>b*ing  ui  eipenaiTB  ra^aot. 

J  Sodium  bjpouhlorite  (Nn,CI,0),  tbe  "  Liqaor  Sod«  OhlorinatB"  of — 

niay  lie  used,  but  does  not  keep  wd). 


[nai.] 


THR   DETECTION   OK   MKTALR. 


■     PnR  THK  l>CrR0TIOH    OP    MeTAI^. 

■  nagenU  in  store  in  qnantity.     The  12  ox.  bottle.j  in  uliich  llic;  ire  coiitaineJ 

f 

KoplJ,  liy  the  proportioufl  atnled  below  in  column  t. 

Proportion  h»  welgbt  ol 

Eemarkt. 

"sSgH'' 

[71.=  number.  In  M^  colmnn  refor  to  thoie  in  Lnckuti.  It. 

•quan  bnekftL 

.       .    Btionapi.ro, 

If.  M«.lbeoo1oorie«  «.d  torn  no  brown  ring  wi.en  poured 

biilow  lonie  Fi.40,  lulutlon  IU4). 

.  "    "      !! 

._    l;S0!l6gt»nii!. 

.      .   at^>u^^. 

wltli  Mtenil  drop*  o(  carbolic  acid  lo  preTBnl  a  v»gotablo 

„.    l:IO[«gn.m.1. 

gromh  (onnlna  In  It:  or  better  itlU  lame  cryitallUsd  HiT 
abould  be  diiulytd  •rhen  wuitMl. 

...  Solid. 

powder ;  add  tolhli  the  oilier  part,  cool  and  dilate  to  IBO  ce. 

„    l:ll|«)CnliuJ. 

.    Seadtsj]. 

water  !•  ponnd  upon  tbem  DOtlt  thoT  begin  to  appear  molat 
aod  ■•  toon  u  the  IliM  Iwi  crombled  to  poxler,  it  It  placed 

...    BM  (tiw). 

in  Bbroad-moflthedrtoppered  bottle. 

Tl.  Thu  bottle  ahonld  be  eloeed  with  a  looeely-llttiiig  IndU- 

...    l:1(»(Kgnmi]. 

Ibrough  It  and  dlpplns  into  the  aalutlon :  when  a  drop  <>I  the 
aolutiun  !•  mq.Uroa,  &e  nppor  end  of  the  glSM  lube  i.  cl.wd 

-        -    Solid. 

by  the  Bnger,  and  a  drop  li  doltvered  Irom  the  oppoeito  end 

...    liUltOgnnul 

.    Solid. 

Sl'rbllr^lDUon  mnat  not  darken  cm  adding  AmHO. 

...    Solid. 

W.  X  Utile  HI  ninit  be  added  lo  thl»  K>lnUon  to  make  II  clear. 
M,  Solution  of  ECjr  li  made  (1 :  U) :  It  deeompoHH  »  Jeadltjr 

_    !:«(«. gram.]. 

heating  a  amall  piece  0(  toUd  KGj  with  dieUUed  water. 
37   A  lew  .Irop.  ofto  dlwolved  bvi.U  ahaklng  with  water, 
IS.  Cryilali  of  SnCl,  ahould  be  dfiaolTed  by  heating  them  with 

watercoalaialngtomeHCl;  the  eolution  •houldbe  keptln 

_    ]:»|30gram.l 

.     Seaicia6> 
.,.    i  :lSII0^1flDlal. 

19.  In  etripi  cat  tram  thin  oopeer^heeL 

30.  lu  elrtpi  or  rod.,  ut  grunujated ;  tt  mort  be  proMd  to  b* 

.     lillnOCTiinnl. 
„    KMlMgnini.). 

...    l:Kl*Ogn.m.I. 

kept  lo  a  bolU.  jontalnlng  pleeei  of  qolcklline  to  prevent 
rmtlng. 

*  E.«.  ii  tha  contract 

on  for  cubic  ce.itiniftM.     See  weighU  anil  meaiurM  (II7S). 
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GENERAL  REAGENTS   FOR 


[U«.] 


II62.— Hbaobnts  fob  Gbnbral  Uai^ 

Refer  to  the  statement  nnder 


I. 

Reference 
number. 


67. 
M. 
59. 
fiO. 
CI. 
02. 
(Ki. 
(M. 
CTj. 
GO. 
(17. 
08. 
09. 
70. 
71. 
72. 
73. 
74. 

75. 

70. 
77. 
78. 
79. 


81. 

82, 
83. 
84. 
iO. 
80. 
87. 
88. 

vo. 

92. 
93. 
94. 


2. 

Name. 

[Tlie  sniall  numbers  in  brackets  refer  to  corrc- 
spondiui;  uiMuI)er8  in  tlie  tlfth  column.] 


Lime  water 

licnd  acetate  in  potash  ('^    ... 

rota&»iuni  dicliromate 

Clilorine  water ^ 

Ferric  chloriilc  (") 

Ferrous  sulphate  (**) 

Potassium  iodide 

Starcli  (")  

Indigo-solution  {^) 

Manganese  dioxide  (") 

Potassium  dichromate  (*■)     . 

Ether  (methylated)     

Carbon  disulphide 

Potassium  nitrite  (**) 

Nitrogen  tetroxidc  solution  . 

Ammonium  molybdate  (<®)   ... 

Calcium  fluoride 

Potassium  disulphate 

(  Microcosmic  salt,  or    . 

'(  Hydric  ammonic  sodic  phostphnte 

Wax,  or  paniftln  

Cuk'ium  chloride 

Potassium  chloride      

Marl)le      .... 


••• 


8. 
Formula. 


}(40a) 


Ca(HO), 

PbA,+KnO 

KjCr^-. 

Cl-Bolution 

FeuClf      . 

FeSO4.7U.jO 

KI 


MnOc    ...       ^       .• 
KjCr-jOf ,  «         , 

(CjHaXrO 

cs, 

Kt04-8olutlon  . 

(NH4>HMoO« 

CaF, 

A^o04  ...  M*  M* 

NaAmHP04.4Hs0     . 


CaCl2.6H20  (ciystala) 

Ai^l..*       ■••  aaa  ■•■ 

CaCO,     . 


{ 


Distilled  water  (■•')       

Pun*  sodium  hydrate  (<^,  pure  soda         . 

Fusion  mixture  i*^)     

Barium  carbonate  (**)  .... 
Solution  of  sodium  acetate  in  dilute  acetic  acid 
Sodium  nitrate  (<«),  solid, 
Silira,  or  finely  powdered  white  sacd  (1x53) 
Hydnilluorit:  acid  (■•')  .... 
Zinc  sulphate.    (See  No.  111). 

Calcium  carbonate,  pure  (970)        

Ammonium  chloride,  pure,  in  p<iwder  {loZi) 

liarium  iH-ruxide,  in  flue  powiUr     

Alcohol,  sp.  pr.  O'bS     

Potassium  ferricyanide,  solid,  in  small  | 
pieces  (xx6a  13)                                        / 
Lead  nitrate,  in  small  pieces  


(44) 


H.O 
NaHO 

Na...C03+K.C0, 

BaCO, 

NaA+HA 

NaNO, 

Si()« 

hf' 

Zn.S()^.7H..O 

CaCO, 

Nll^Cl 

BaO, 

CsHcO 

Fb(K0,)i 


*  Nob.  80-94  are  certain  spt^l 


P^  IBS  DSTICTIOK   OP  AOID -RADICLES, 
the  heading  of  ptrngrapb  ItCl. 


THB  DETECTION   OF  ACID-RADICLKS. 


ToportlDD  by 


niuus  lincktU. 


I 


B  el  the  FbA]  wIoiI'hi  (No.  M)  KBO  lolutfon 
untU.  fHi  wannlinr.  Che  pl^lpLUte  Mt  6t%i  fotln 
-■'—-'  '—     "-Jlliqllidll 


.  Id  uull  orritnli 
..    Solid  In  plsoe*. 

.  1 :  IS  110  gtuuj. 
...    I;  11  {Mgnnu). 

.  In  pkeoea  M  lusi  u  M  p 


la  ]u>t  rsdliwtied :  pHwr  dippt 

TST  delicate  MU  f«r  H^  (S")- 
33.  the  lolutloo  ibuald  not  couMln  UT  true  uld :  (o 

nioTe  wld  >inBO  l>  wlded  until  (hg  further  addltl 

Qt  d  timie  ffrtm  glTai  a  reddlib-brown  proaJpltate  of 

F6,H^,ln«»»IuU™. 
M.  reflO,  Hlutlon  npjilly  cKddliH!i 

yeso,  ihuoid  be  kept  In  the  B 

crjiteli,  which  Bhoiild  doI  ill 

uif  part :   theae  are  dlwulVBd  wlien   ri^ulnil   by 

crIuhlDff  and  ahaklDS  with  cold  water, 
K.  Starch  •Dlutlnn  npliUy  cbantfi.  It  U  liMt  thuretiire  to 

k«p  the  itarch  aa  apowilar.    SCarirh  tulutlunlamade 

by  lUrHng  l  gmat  of  thli  powder,  which  liu  been 

mads  Into  a  pule  with  lU  clct.  oI  cold  •alar,  Into  tCO 

CD.  ot  hollln^  water  and  moling. 
X.  Hade  by  diatolTliig  IfldlgiMianDln* 

CO,  when  w«nned  wfthiitjoiw  B,aO,.  "  '  "    ' 
IS.  In  toiitll  uleoe*.  ottn  powder. 
aa.  The  ioluUon  l>  pmne  lu  cbanue,  and  ahutild  lie  niaile  1 

unaU  iitwotltir  only :  It  niuat  E»>lve  eapluua  red  fuini 

when  mixed  with  H^SOt . 
W.  Make  the  lelntlon  with  the  tullawlnii  propartlont :— . 

AioHO  which  hu  ixHii  preirliiiuly  uUed  with  an  ouul 
quantllT  oI  water,  the  wlutlon  li  allowed  to  otwid  (If 
neuuiiiuy}  till  clear,  then  pound  ujl  Into.'"  -  -  *' 
■irons  USO,:  the  lii|Uld  will  lieuoine  hut,  ar 
be  alluwed  to  itand  until  It  li  cuul  belol-e  bel 


a.  The  BNO,  lolDtlon  or  thia  ult  mnit  yield  no  predplUle  with  AgNO^ 
.  Moat  leaie  no  retliliie  -m  eiaporatiun ;  in  •aninte  )>urtk>n>  nu  prevlpllitlaa 
muat  be  canwd  by  Baa^  AkNO),  or  AnAOi.  neither  niuat  any  pnclpl' 
t*te  or  eisn  daili  ealnTallnn  be  pradDced  Ih  adattion  uf  AuiiS. 

The  proportion  by  weight  ihouia  be  1;  Ki-      ...-..--. . 

bIwu  bottlea,  aa  It  aiowly  dii»]lTeB  Pb  fru 


tkeptlDB' 


•lillallg 
ililUled 


to  CC,  01  •traiLT  UA. 
M.  Ufle  iiy  iHUtranilne  Mrong  hot  Na,CO]  f >Iiillan  with  USO)  and  eraporat- 

Inii  tnilryneu.    SgM  hIm  u  Oilllulipi^ire. 
n,  Purthaaud  and  kept  in  tutta-percha  bottlt*. 


(iiB£Biita  eDtcrvtl  a]iiir 


TEST   SOLUTIONS   FOB 


1163. S0LDTION8   FOR  TSK 

EkIi  bottle  should  bear  on  its  label  the  number,  DkinB,  aod  foTninU  of 
Kilid  of  each  of  those  sabstancei  whose  number  has  s  Bmnll  (a)  nlfiieil  to  it,  ihonld 
carry  on  their  label  the  name,  number,  tud  formula  of  the  iDbstuice. 


Cilelum  cblgrids 

\AJuinlu1uni  inlptulo  } 
FerriD  chloride  (a)- 


MmiUHU  chloride  (c 
Nlokel  aulptuCa  .„ 


Cobalt  Dltnls 


Copper  BalphBIs 
Caduium  Bulptiate  (a) 
Anenloni  oild*  (a)  (•') 
t    Solutiao  Ld  dilute  HCl 
Anetilnui  oilda  (a)  (^ 


AptimonluHi  chloride  («)  f 
Slanooiu  cblortde  C)  . 
SUumlc  chloride  (•O    — 


NuCri 


MgSO,.VH,0   „ 

BaClptBiO 

CaCn,.flH^      . 
AWSOA 
Fe-Cl,    , 


Zn30^TH,0     ._ 
MnCl,     . 
NiS0»7H^     ... 
C«(XOJ,.flH,0 
FgC],    ...        .„ 

BHN0^6H,0 

cuso,.au,o    . 

CdSOrtHiO    ... 


»ii,HAiO,.im,0 


*  a  aigniSea  that  the  aMid  auhataiiM  i| 
+  Solid  ah,0,  or  KfSbOJT  (TartM  « 
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Ipbactioss  op  the  WkTAL3. 

^ 

'-"        ~~ 

*. 

WolghtolKlldln 

Propartinn  by 

fiemnrfci. 

[n.u>t.,bedlu.>lye.lhi 

■cl^htot 

ooB-Wincbaler.- 

water. 

.     iro     .      . 

1  ;   tt 

M.  The  Mlutlon  mnit  b«  made  add  with  a  Wtle 

n,BO„  imd  naao  clean  iron  nails  kept  In  It) or 

.:.  «  .:.  : 

better,  a  tcnall  qoatitlt)'  !■  frcBlilr  prepared 

V-m 

whan  required.  He  No.  «  (1.8.I 
10.  A  little  HA  miut  be  added  to  thU  (olation  bt 

.!.    m    .'..     '.. 

li     B 

to.  !M,nau^"i(N0,),mnitbedluolve<1hrbe>l- 

.      SMOncpyiUiU) 

I:    U 

Ine  with  a  r.c  of  Mruog  UCI  dllutt^  with  U 
o(  w.tsr;  thi.  lolutlon  1«  cooled  and  poottd 
Into  tho  Wttle,  and  the  meumre  niadeopbr 

61.  I)1.»o"w''ioT^''^'a».').W  heating  11  wltk 
60  cc  ol  .tronn  HO  n.i.ect  with  60  c.e.  ol 

_      100      

I:     t 

u     . 

1  ■  luo 

M      , 

1  :    M 

water,  and  dilute  to  the  Wincheilet-qnart. 
61.  Boll  eiceu  ol  At^O,  lor  aoveral  nilnuta  with 

...       IS      ...      ._ 

WW  CO.  ol  walef,  imd  niter  Into  tho  qoarl- 

bottlo-l 

'..       M      .!.      ... 

U  c.c.  ol  itrong  BCI  ndieii  with  S6  c.c.  ot 

M      . 

li   60 
1  :    M 

water,  and  diluted  to  the  qnort]  with  HCl 

"       JJ      

M.  Bi'II  16  granu  of  SnCl,  with  60  cc.''ol  itroni 
na  rolled  wHh  60  e.o.  ot  water,  ai  toon  u  ll 

L    u   '..  .'.. 

1.     a    

1  ■  ino 

ouartl.     Bcrapi  ul  So  ronit  l»  kept  la  tha 

66.  Beat  S6  Rami  of  BnO,  with  W  c.c  of  itni« 

■tlnine.  add  KHO.  to  the  hot  aalutloD  nsUl 
the  liquid  lumi  yellow  and  CI  Is  amelt,  boll 

u     . 

on  the  01  and  dllnlo  Ifl  tho  qoarlt. 

M 

1  :   » 

60.  blmilve  by  wamiinB  U  anmt  o(  I1gJ>0i)| 
with  «  CO.  of  (trong  BlTo,  diluted  wfUi  111 

c.c.  ol  water,  then  pimr  water  Into  tliiaaom- 

»       . 

Ilon  until  it  ii  diluted  to  a  qnait:.    Keep  Be 

.      o     .      . 

Id  the  bottom  ol  the  bottle. 

_    »   _    ... 

1:100 

^     not  in  llio  trystnliiiio  coTiiiilion. 

K    WUkJ  be  il»ed  (or  the  blowi^ipo  rooct 

on.                    i  WiDcUoUr-quut,                  ^H 

484 


TEST  SOLUTIONS  FOR 


[1164.] 


1 164.  Solutions  fob  thb 

Refer  to  the  note  at  the  head  of  the  preceding  Table,  which  .is  alaa 
amongst  the  reagents  (1x60-1162)  and  the  solutions  for  the  reactions  of 


Reference 
Kuiuber. 


ISO. 
181.1. 

1S2.8. 

183.«. 

184. 

185. 

136.8. 

137.8. 

18S.8. 

138.8. 

140.8. 

141.8. 

142. 

143 

144.8. 

145. 

146.8. 

147.8. 

148. 

140.8. 

IftO. 

I.*)!. 

152. 

153.8. 

154.8. 

155.8. 


2. 

Name. 

[The  small  nnmbere  in  brackets  refer  to  the  corre- 
8]iouding  numbers  iu  the  sixth  column.] 


Sodium  sulphate 

f  Sodium  carbonate  (*0 ^       ^       •*. 

i  Marble  (calcium  carbonate)  C^)     .         •         • 

I  Ferrous  sulphide  (*") ^       m.       m. 

( Ammonium  sulphide  (^      .... 

Acid  sodium  sulphite  .»       m.       «•       .«       m. 

Sodium  thlosulphate    ..... 

Sodium  hypochlorite  (••)      ^       ...       ^       ^ 

Potaasium  nitrite  (a) 

Potassium  nitrate  :  [Solid  Lead  nitrate]    ^ 

Potassium  chlorate      ..... 

Sodium  chloride  (•<>)    ...       .^       ...       «. 

Sodium  bromide  ..... 

Potassium  iodide         ...       ...       .^ 

Sodium  phosphate        ..... 

Sodium  arsenate  (•») 

Borax  (««) 

Potassium  bichromate 

J  So<lium  silicate  (*») 

t  Silica  (white  sand) 

Vluor-ai)ar  (calcium  fluoride) .... 

Hydn>fluosilicic  acid  ("*)       

Potassium  cyanide  («^)  .... 

Potassium  fcm'tcyanide 

*  Potaasium  fcrricyanide  .... 

Potassium  sulphucyanide      

Ammonium  oxalate  (M)  .... 

(  Tartaric  acid  (•^)  

I  Sodium  tartrate  («■)  .... 

Sodium  acetate  (**)      


8. 
Formula. 


NasSO«.10H,O . 

NaUCXi8 

Ca(X)s 

FeS 

Am^S 

^allSO,...       ...       M. 

JNasS,0,.6IIsO  . 

Klk'O]      •  ■  • 

KXO3 :  IPbCNOsXj)    ^ 
KCIO,    . 

KaQ     .M       M.       M. 
KaBr     . 

A.X  ...  ...  ... 

NasIIP04.]2H30 

Na3HAs04.12li.O      ... 

Na.^B4O,.10n2O 

JVM\^r«U«  ...        .»• 

Na.^Sii>, 

SiO, 

^-aira  ..a  .••  ... 

H-SiF, 

KCy 

E4FeCy«.3U,0  ... 

K-FeC.Vfl 

KCyS     ...       ...       ,^ 

AUI.C204.2H.O 

II2T  ...  ...  .M 

Na2T.2H.O 
NaA.3U.b 


•  Seo  No.  IS  (116JJ. 


[1164.] 


THE   REACTIONS   OP  ACID-RAPICLES. 


Beaotioks  of  the  Acid-ICadiclks. 


•pplicahle  to  this.     Miny  of  Iha  soluUoiia  in  ihia  liit  aro  alreaiiy  picpared 
nieuU  (1163). 


I 


rdght  ol  luiiil  In  gruni 
wiuUii.ii(ir->]Biut. 


lU'innrki. 
itk«U  lu  Ui> 


thei 


ik.tn  (mm. 


.  Tlie  KifiCO,  li  Ksquind  only  In  the  Mild 

hottl's  OD  tfae  1 
'o.  Tho  Bmrble  li 

t  u  ■  luUd  Id  UDitll  piocai  u 

^a   bs 
(1160)  on 

witli  in  tqiai  meuuri)  oC  wuler. 

en.  No,  10!,  pamgiipli  I11S3) 

ei.  Ho.  131,  pm«<iuh  {iiS}). 

Bl.  No.  IB.  pMienph  t"«*,      ^,      ,  ,       ., 

U.  Tim  ■ulnllun  1)  nwao  lif  dlnolTlni  II 
icmni  of  the  thick  tnvp,  aoKl  u  "  aulub 
lUa,"  in  wal<!r,  uid  dflntliig  tn  tbii  Wt 
cliegMi^iutt.  The  Mild  (uliitiuiM  to  1 
(Ufd  1)  Hiid  flnely  rruuud. 

M.  tin.  It,  mngnpll  (iiti). 

US.  No.  ta,  paragnph  (■■«■).  The  eolation  d 
eofupMH  hy  heepinir  ■  UUIe  wild  ll  dl 
lulved  wbMi  reuuln'd. 

Oe.  No.B,|»ngi>|^h{ti6e). 

ta.  Ha.  ib.  puni«niiih  (iiSi). 

i!H,  11!!!  p^iKB  uf  H-T  ore  dluolred  by  but  Is 
r-mti.  o(  wBtuT,  liio  hut  «luUon  '- 
etiii>tlyi!tuIrBll>Ddwlth«tltaN*,COi,ul 
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I  I165.    Spbcul  Txst-Sitbst&kcrs  abd  Rbagbnts  fob  thb  Kai 
Elements  akd  Obgamo  Sdbstasces. 


L  iBOKOAmC  TB3T-at[B8M«CS8. 

iBlllntn  mlpluite, .  .  .  I1«S0< 

41tUB  longiMte,  .  .  .  NajWOj 

PalkdlDm  (Aloridf ,     .  .  FdCI, 

AlDIDQDiUID  OUlIjbdStS,     llD,SlOO( 

Iron  Mlanltle, FuSe 

FoUhIuiu  Hliiute,    .  .  K]8cd( 
LmiI  teUorldB pliTe 


loillau  mlphate, 
SOTlUuin  nilplishi, 
ntaDliua  oildc.   . 

laulmte, 

jhloride. 

BuMdlnm  ohlorlils, 
Cmlaro  ctalarJda, 
Sodium  phoiiih 

PdUhIqid  per- 
PotMaiumiui 


iia,'  '.  '.  B»^0^ 
!.'  ;  !  .N.VO, 


hypaplMBphlltr,  NaPBgii, 


Tlu,  grHonUted,  .  . 
BynrogBu  pcroilde. 
Into  uia  HlllltluU, 

Onlalum  (uliihau.  lu 


0  TESr-SCB«T41IOK8. 


tIarpblDa  hrdinchlont*..  CuBi 
SlTTelmlDB,  "   "' 


Qulnloo  inlphkls,'  .'  .'  ■' (VHiiN^^idOi 
Clncbonlne  lalphlte,  .  .  C„HbNjO>'-*" 


rSTS  FOB  THB  UABM^H 

:akces.  ^^M 

rin  theptKaUnstUlK    ^^H 


^1- 


idolonn, Cllig 

iBtturlkkiahal, CH,0 

EUiyl>l<»l>ul. C^H«0 

OlycenL t^HsO, 

FhBDOI, CsBgO 

HrdnKinlnoiu     .....  C^V] 

Pynmllol, (WH 

AldSydo CsH^) 

Cliloral  b^dnU,     ....  C|BC1,0. 


ijrde, 


&H^1 


H«0 


aSu^;.:  :;:::::  '.0,11,/* 

Ether. C4H|i,I) 

EibylsceUlu,     ^IM- 

Carboo  dlnli^de,    .  .  .  CS, 

If  Unibwuene CtH,iNO0 

aiucOH  (UnitniMX    .  .  .C||H,^ 

Levulu C«Hirf>« 

Cmne  Sngw CiiU^n 

iUlU-ie, C,J!iAl-HiO 

UctoH.     CiiUaOii.U^ 

Cellulate (CtB,Jh,yt 

.tUrcb  puwder, (CgHigO^n 

Doitrin,    .......  .ftWH.oOAi 

Amimon,     WilMoiere 


BIAaBNTS. 

Mercuric  nitrate,  nontral 

■olutlon, Hn^Oj), 

Qnlclclimii,  In  powder, .  -  CaO 
■■-----' —      ucarboMte, 

KHOOj 

IMUD  acid.  aoltitiaD  (1 :  lS),HJOg 

Iodl[iB,lDiBU«ll(Biginelit«,        

Y«a>t  Erom  B  brswer,   ,  .        -^^ 
EoehgllBialt ENiT.lBjO 


Arqmiuilnm  Ibdidi?,    ■  ■  .  M1|I 
Smjiun  nlaopmaatdB,  .  .        


[lias.] 


CHEMICALS   FOR  SECTION  II. 


II66.  Chxuioalb  required  for  Sbotion  II. 
In  the  roUowing  list  tlioBe  BulisUncea  Kliich  e.ro  used  only  for  Section 
II.  are  marked  by  letters  of  the  alphabet.  The  bottles  contBining 
these  Buljstaucea  should  be  arrangsd  a[>arC  in  alphabetical  order. 
Agiimt  othora  n  nnniber  is  placod  ;  this  indicates  that  the  iubatattce 
is  Dsed  for  aDiljticKl  purpoaes,  and  will  therefore  be  found,  together 
with  any  niiUBaBaty  dcecripUT8  rumnrka,  ia  Boe  o(  the  preceding  Uata 
(lifio-1164). 


Bclcmice. 


Lltmaiiaiut  turmerJe- 


HydmcUoric  « 
CoppM  .    ,    . 


ilum  mlpblde 


KCIO, 


iijso, 

HuHO 


KH.NU, 


Esin 


he  omiirts-CDUiand  pndpUtMd  n 
II  plccu  uA  IniKD  MB  ft  tuJr 


SlroDg,  commercial. 
Taming*.  cUpplngi.  or  tOiati- 


u  targe  . 


Solid.  In  niuill  pleeet. 

Sp.  gTBI,  O'liS. 

IlceoilMoI  millet  iiv 
CrrmilLtaisl. 

SulULlUB, 


CHEMICALS   FOB   SECTION   III. 


['■«-) 


II67.    ChEXICALS  BBQUIBXD   POB  SbcTION  III. 

With  few  exceptions,*  these  substances  are  required  either 
for  analytical  purposes,  and  are  tabulated  in  poragrapbth 
1160-1164,  wliere  tliey  may  bo  found  by  tlie 
placed  in  the  first  column;  or  they  are  already  entered 
the  list  of  substances  required  for  experiments  on  the  gases 
(1166),  where  they  may  be  found  by  the  reference  letter  in 
the  first  column.  A  letter  (a)  affixed  to  the  number  of 
reference  indicates  that  the  substance  is  required  in  the  solid 
condition.     See  note  at  heading  of  paragraph  II63. 


her  ^^ 


NiuiibeiOT 
tottwof 

Kams. 

FwnmU. 

19. 

T9. 

!- 

Il>». 
•T 

nydmchloilcKlil 
Copper  . 
Nitric  «M 
Birlum  rhloridi. 

SnJphurh!  kW 

poiBilum  rhlorW. 
•Bui'linn  tutpliai. 

UonipmuedloiMo 

llon.1     . 
•Fern™,  jralphato 

Sodium  tb&Me 

LcaitaMtala    . 
CTpcrmlpliate 

/  L11..,di.-pHptr  . 
\Tunnfi1c-iaptr 

aS'i,. 

iter- 

7jiO. 

'  The  exceptions  are  filter-paper  {im),  wcroil  chwcoal  (II23},  1 
oiide,  aiid  bariiiic  eulphat*. 


[im] 


fiDBSTANCKS   FOR  ASALYSrS. 


SUBSTANCES  TO  BE  GIVEN  FOE  ANALYSIS  BY 
THE  PRECEDING  TABLES. 

^  It  moat  be  understood  thnt  the  anbatancts  mention eil  belotr  nre 
nerelf  brought  rorwsrd  as  exHtDples  uf  what  may  be  given  to  tba 
dtndent  for  malyais,  Tho  tcaclier  will  use  his  own  juJgtncut  in 
adopting  and  extending  tlie  liat. 


SuBSTANcfls  POH  Analtbis  WHILB  TBTING  THROTJOH  THB 

KEACTtOKa   FOn   MbTALS   and   AclD-RADlCLEa, 

II68.  After  working  througli  tlie  reactions  for  a.  Group  of 
Melala  or  Acid-radiultui,  a  few  unknown  8ubstiLUCBS  contain- 
ing only  one  member  of  the  Group  are  tested ;  the  number 
of  members  present  is  gradually  increased  in  the  substances 
which  are  subsequently  given.  It  is  well  to  keep  these 
BUbatancea  in  the  dissolved  state  (II63,  II64},  since  they 
are  intended  mainly  to  a&brd  practice  in  separation  and 
detection  according  to  the  Group-tables ;  tlie  lime  spent  by 
the  student  in  pruparing  the  solution  would  therefore  be 
wasted.  Occasionally,  however,  a  solid  substance  may  ba 
given,  in  wliich  the  Ttfetal  or  Acid-radicle  present  is  to  be 
detected  by  blowpipe  teats,  or  by  other  tests,  made  on  the 
solid  substance.     The  following  will  serve  as  examples : — 


.  MBfl0,.7Il/H- 


OrmflY. 
ion  Dl  BoCIa.lH.o 
.  8r(N0,l,,4B,0 
.  8t(»S,)j.«H,0 


i)rtn,0 

..-Mi? 

,  Oii(.1,.2L(,0-(- 


.  Bacij.a^- 


group  in.b. 


!InSOj.TBiO 
So,.'7H,0.  *o. 


SUBSTANCES   FOE  ANALYSIS 


SUBSTAKCBS  FOB  ANALYSIS  BT  THE  DlRECTIOUa  00NT4IKBD  fl 

Skction  V, 

II69.  Ad7  one  of  the  solutions  named  in 
II63,  1164  may  be  given  (or  analysis  by  Section  V.: 
of  these  ace  neutral,  Bome  acid,   and  others  alkaline  i 
reaction,     TIib  following  more  difficult  Bolutions,  with  a 
or  alkaline  reaction,  may  also  be  added  to  the  list : — 


"ffA^' 


Kabo>di 

Ni^lO,, 
Sa^nO, 


Any  of  the  solid  salts  which  were  dissolved  in  order  I 
prepare  the  solutions  in  paragraphs  II63,  II64  may  be  gin 
for  analysis  by  paragraphs  932,  e(  eeij. 

As  examples  of  substances  possessing  metallic  appe 
(969),    tho    following    may    be   mentioned   as   suitable  I 
analysis : — 


NLAs,  Kufifcmiekel. 
Graphite,  or  Black  1m 
Iron  Sliuga. 


As  insoluble 
paragraphs  970,  et 
analysis ; — 


which  require  to  be  examined  f( 
eeq.,  the   following   may  be  given  i 


ChF„  Fluor  s[iar. 

FeCr,0^  Cbronis  Iron  ere. 

S,  as  pimr's  of  roll  solphnr. 

C,  OB  powdered  wood  charcoal  or  pha 


[1170,1171-]  BY  SECTIONS   V,   AND   VL 


Solid  Sobstanchs  to  bb  analtbed  bt  thh  Puelimikaby 

EXAHISATION   IN   SboTION   VI. 


II70.  For  the  Prelimmary  Examination  for  Metals 


3i,^rU 

Coms^. 

id 

ZnSO..  171,0 

MnCI, 

Ama+N.Cl 

HgClj+BuCU.'iHtO 

)lna,+kCl 

^|5 

1 


JVofa.— Best   I 
deatroye4 


Foi  the  Preliminary  Examination  for  Acid-radicles  {996)  :- 


Si.iTU. 

C™pi(«. 

|§.- 

f, 

N.sS,0,,ISH,0 

gco,+^. 

A  few  of  the  above  mentioned  aolida  may  t])ea  he  e?t< 
amined  by  both  PteUminary  Examinations  for  Metals  and 
for  Acid -radio  lea. 


StlBBTANCEa  TO  BB  ANALlaBD  Ut  THE  GeNEHAL  CoDRBE  IS 

Sbctiok  VI, 

II71.  The  following:;  lists  are  ao  arranged  that  the  analysis 
of  the  Bubatancea  contained  in  them  is  more  diffieult  in  each 
column  proceeding  from  left  to  right,  and  utmally  in  pro- 
coeding  in  one  and  the  same  column  from  top  to  bottom, 
For  examples  of  alkaUue  solutiona,  aee  paragraph  I169, 
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Sd-BSTASCSH   for   AnaLTSIS  BI   TBB    GByKRAL   CotTBSS. 


L 

ComPl*.  »liiU« 

Mna, 

•CmCO, 
'A^O. 

iia,a 

Baa 

niCl,.SH,O+BBCl^IH,0+S7(S0,),.*H.O 
AlK(SOJ,.lSH,0+CTK{SOJ,.lffl,0 
MnCT, + ZaSOf  7H,0 + Cu30,4  H,0 

•A.,o,+ciu»,+B.eo, 

•ZnO+MgOO|+KC10, 
•MsCO.+DiCWj+PbCO, 

Pboarlute  preclplUU 
(oUrouplir. 

HBlinly  liualuble. 

rise  "^ 

ls«lHt0,lSB,0 

/■cogOiV.aHjO 

Eji30, 
f  B«C1,.SH,0 

(0 
PbflO,+Bii30, 

MINERALS   FOR   ANALYSIS. 


|lI72.  NAMES  AKD  FOKMUL^  OF  MINERALS  CONTAINING 
COMMON  METALS,  AND  SUITABLE  FOR  ANALYSIS. 


_ SnltpWre,  KSOj. 

Polinh      (cl>p»r.     i.r     Orthnclnif. 
K<».A  t^Oi.SSIOt:  uid  other  doubk 

Alnmiiiiinit,  E^Oi.aAl^SOiXOB)*' 
fflMne.  KCl 

CinullHe.  ECl.HgOg.CHiO, 


NiUre  KBto,  NiijC(i,.inniO. 
Trmu.  IIaiC0,.!iiirC0,itIiD. 
Cubic    mirs,     or    CbUI    HltHtrs 
NaMO.. 

oimou  Milt,  NijSOt  inu^. 

B(rIU,or  Ttneal.NigBiOj.tDIliO, 

oiMteiiiB.  Nitsnj.cusui. 

OrrnUH,  ALFi.)HiP, 

N>iO-Ai|<)i.«aiiit-,    uia    athci 

dantila  MaUh. 


.  .    flue,  MgO. 
BnRlta.  HgUiH.. 

KuDMltS,  HbCO). 

Dolifnlta,  or  Migiwliin  LlmMuDF, 

<iii.cb}COi. 
biniu,  UratuKCi.niiiO, 


Ornimn,  CilB0i»H,O. 
AIiumh-,      S«laDllc,     Anliyd 
cisot. 

Ftunnlar,  CiFg. 

A|iulig,  C*,(l'UO»Ca(Cl,|-)> 


Ctuiidum.  AI,0,, 

SLutrjoie.  At|0,,lliO. 
AluinitnnB  (m  Pg<iualDni). 

Fdipuri  <•«*£  iDil  >ii),  and 

CUf,  Al^'tv07.!HgO, 


SpMulir  Iri 


HsUuilfD,  F«+NL 
"  -  ■■-  -nnilie,  Fr.,0^ 

Jisgome  iron  oildc,  Fii|Ot. 

Irniip;rilir«,  FfSj. 

AptlUic  Iran  ore.  FcCOj:  mlnglKt 
wllh  eljiy  Is  Otj  IriPimloiiB,  md 
wnh  bHunuD  in  BlukUQd  Iraii- 


JlHl  line  ore,  ZnO. 
ZlDc  bleode,  ZnS. 

Elodrlo    I 


!'.™^^^f_^^^") 


HnOi. 

iDjO,. 

n.<iiD,  iu)n.ifn(k 

ipv,  kaCO|. 


Kopfirrnlrkel,  MIAk. 


G|>el»  Codull,  (Co,  SI  Fc)  A«, 
(Cn,  FcHA>,  8)> 
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Lead:— 

Crocolslte,  PbCrO^. 
Galena,  or  Lead  spar,  PbS. 
Ceruulte,  PbCOs. 
An«la-lto,  PbS04. 
LeadhllUte,  FbSO4.dPbC09. 

Biimath  :— 

Bismnth  ochre,  BioOs. 
Bi»tnnthltG,    or    Bismnth     glance, 
BI2S3,  and  double  sulphides. 

Gopper:— 

Ked  copper  ore,  CngjO. 
Copper  glance,  Cu^. 
P<uu:ock  copper  ore,  Cn2S. 
Copp-'r  pyrites,  CuFeSo. 
Malachite,  GnCOs-CollltOa. 

Cadmium: — 

Groenocklte,  CdS. 

Arsenic:  — 

Kcalcar,  At^. 
Orpimcnt,  As^Sj. 


Arsenical  nickel,  NlAsi;  Kiipfer> 
nickel,  NlAs;  and  manj  other 
metallic   araenldea    and    aneno* 

sulphides. 

Antimony  :— 

Stibnite  or  Grej  AntlmonT,  Sb^ 
and  antimony  sulphide  combined 
with  other  metallic  sulphides. 

Wlilte  antimony,  StMOg. 

Red  antimony  ore,  Sb803.SSbs8»> 

Tinr- 

Tlnstone,  SnO^. 
Cassiterite,  SnO^. 

Silver:— 

Silver  glance,  AggS. 
Hrim  silver,  AgCI. 
Pyrar^yrtte,  AgsSbSj. 
Pnmstite,  AgsAsSs- 

Biliea:— 

Quartz,  S10». 

Flint,  SiOg. 

Kock  crystal,  SiOg. 


HIH^d^^l 

■ 

^ 

1173.]               SYMBOLS  AND  ATOMIC  WEIGHTS. 
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■ 

SYMBOLS  AND  ATOMIC  WEIGHTS. 

I173.  The  Bonis  in  hnckeU  aru  tlie  latin  names  of  tlio 

Icments 

^^1 

from  which  the  symbols  h«»e  beon  Jeiiviid. 

■ 

.^ 

S,a.l»l 

kUm.lt 
WalgJrt. 

k™. 

SymbDl 

Wolghl. 

1 

Al 

1711 

j;i.k,i 

Nl 

M-ns 

■ 

Antiibony  (ittlilan.) 

Sb 

1S0-4S 

Nb 

M» 

'    ■ 

ArKDls    . 

Al 

74'01 

-Nltmg™ .       . 

N 

ICM 

Bnrtnm    .       . 

IST-« 

Omlnm  . 

0> 

IMD* 

BcnlUara 

Db 

B'OS 

■OvtK    .        . 

0 

U 

^^H 

BJ.n.ulh  .         . 

Bi 

J08-11 

PalUdlom 

pa 

loe-M 

- 

BoroB      . 

D 

10« 

-pmaphoriM     , 

p 

fl'M 

^^H 

BnmiLDe  . 

TKW 

-Plitlniun 

CiJmlum 

Cil 

III'VS 

-PotMUniD  (kBUuD 

K 

S91I 

^^H 

miollnm  . 

C«lclimi  .       . 

M-OT 

RohHlom        . 

Rb 

«■« 

Cirbaa     . 

C 

IS -01 

Ru 

101-88 

^^1 

K 

Sumuluin 

IMM 

m- 

Chlortne  . 

CI 

UK 

Scaodlnni 

Sc 

11-lS 

m- 

CUmnanoi 

71IM 

K  - 

Cntwlt      .       . 

CD 

mw 

-GlUciin      . 

51 

n-M 

Copi*r  (cuprnni) 

Cn 

MBO 

Ag 

icn.M 

^^1 

DMymlLm 

.SodlBiii  (natrttim) 

U'OD 

llM-31 

■SttooHBin        . 

Sr 

W'«I 

nuntlDe  . 

F 

ISM 

-anlfhiir  .        . 

s 

as-oT 

^^1 

OsUImn  .       . 

WOl 

■u 

IWM 

(le 

I1'4H 

Terlilam  . 

Tr 

IWM 

^^1 

G«U  (.urdm)  . 

Au 

Te 

137  4B 

Ry.lM«u        . 

H 

luoa 

TlalUora 

■n 

liot'll 

^^1 

In 

Tborimn  . 

Th 

lodlD.        .          . 

I 

IM'M 

-Tin  (rtanonra) 

Sn 

ll»-<U 

^^H 

«ia 

- 

Iron  (fmum)  . 

Uul  (plmnMini) 
LIthlun.  .        . 

Memiiy  (hjdiu-  \ 
grna)       .     f 

Fe 

La 

Pb 

Mg 

ng 

wa-w 
aoooo 

mlum)          .     f 

VlMdlBDl          . 

YtUTblnm 
Tttrtmn   . 

ZlfwnluiB       . 

w 

Th 
T 

ei'U 
I7ai» 

M«l 

1 

_ 

Ko 

w« 

1 

Tba  above  nnmbers  are  those  which  are  given  in  his  ICcealcu 
Jhmie  WcighU  (1807),  by  F.  W.  Clarke, 

atimoj 

■ 

^ 

KSGLISH   AND    FRESCH 


[1174,  UT^H 


1174.  THERMOMETRIC  SCALES. 
There  Kre  two  tiitrniouiGtric  scales  id  aae,  the  Centigrade  und  tha 
Fihrenheit ;  the  farmer  of  tlieae  is  rapidly  beMming  uiiiversal  for 
Ecientiiic  parjiosea.  The  teaiiieratiires,  which  are  occasion  ally  referred 
to  in  this  treatise,  are  given  on  the  Csiitifjiade  suole.  The  two  scalct 
are  mnlually  conrcrtiljle  by  tlie  fatlouiag  fonnQlte,  in  whiuh  F.'  tepre- 
BciiU  a  temperature  no  the  Fahrenheit  scale,  and  C.°  ■  teiujieraturc  on 
the  Coutigiaile  acale  :- 


BC." 


sa 


WEIGHTS  AND  MEASURES. 


1175.  The  corresponding  values  of  the  French  and  English  "W'ei 
and   Meumrea  are  girtn  in   the   rollowing  Tables.     The  a«e     ' 
French  or  decimal  sjateru   is   strongly  reconiniunded  by  its  e: 
umplicity.      The  smaller  denominations  are  ohtained   by  taku^jd 
tenth,  hundredth,  thoiissjidth,  &c.,  of  the  unit  chosen ;  and  tbej  Aj 
designated  by  the  Latin  prefixes  deci-,  centi-,  milli-,  &c.    Tha  fafg* 
denominations  are  10  times,  100  times,  1000,  kc,  timea  the  n 
and  are  named  by  the  Greek  prctixes  deca-,  hecto-,  kilo-,  kc 

The  starting  point  of  the  French  system  is  tha  "metre"  (  =  S 
inches)  ;  this  is  the  "nnit  of  length."    The  "  unit  of  measure  "  h 
"  litre,''  which  is  one  cubic  decimetre.     The  "  unit  of  ireiglit "  ia  1) 
gramme,  which  ia  the  weight  of  I  cubic  ceotimctro  of  distilled  ir 

8t  i°  C. 

The  chief  canveniencee  arising  from  the  use  of  this  system 

lat.  That  sU  the  different  denominations  can  be  vrittei 
since  they  nra  eitlior  multiples  by  teu,  or  ore  decitiinl  fnetioos,  of  l| 
uuic.      Thiis   fi   liecsgrammes,  3   grammes,  4   decigram  men,  8  n 
grammes  would  he  written  63'40S  gmmmes. 

2nd.  That  since  1  cubic  ceniirnrtre  uf  nattr  at  4°  C.  weif;baj 
gramme,  we  may  obtain  the  weight  of  a  known  meatKn  of  water  bF 
simply  converting  the  measure  into  cubic  cen  tinieties ;  the  n 
thus  obtained  will  reprenent  the  corresponding  weight  of  the  water  fl 
grammes.  Of  course  this  couversion  is  strictly  aocnrate  only  when  O 
nater  is  messared  at  4°  C.  Bat  For  orJiusry  pnrjioBca  the  error  in 
duoed,  when  the  water  is  at  the  temperature  of  the  air,  is  too  «n»U  jH 
be  of  any  importance  in  the  preparation  of  solutions. 

The  weights  suit  niea^inree,   wliich  are   most  fr^qnently  i 
chemical  purposes,  are  tlie  gramme,  the  millimetre  (mm.),  th*  Ullt 
and  the  cubic  centimetre  (I'.e.)  which  is  iVig  of  a  litre. 


UEABUKES  OP  CAPACITV. 


■=     ne-mtM 

1  11007  7S4M 


I 


498 


'v\t:ights  and  measures. 


[1175.] 


3IEASURES  OF  WEIGHT. 
1  gramme =tlie  weight  of  1  cubic  centimetre  (c.c.)  of  water  at  4*  C. 


grammes. 

graina 

AToinlupoia. 

^lilligramme 

0  001 

:= 

001543 

iVutigramine 

001 

= 

01M32 

Decigramme 

01 

— 

1  "543:3 

Gramme  * 

1-0 

^ 

15-43235 

Iba.  OS.  drms. 

Decagramme 

100 

= 

154-32349 

«    0      0      6-65 

liect<  •gramme 

100-0 

^ 

1543-234SS 

=    0      3      &-5 

Kili>gramine 

=      lOliO-O 

= 

i:>43-> -34880 

=    236 

Aiyriogramme 

=    100000 

= 

154323*48800 

=  22      1      2 

1  grain  =    0-0049  gramme. 

1  oz.  (Troy)  =  31  -1035  grammes. 

1  lb.  (Avoirdnpois)=453-&tt3 


II 


*  It  is  perhaps  better  to  adopt  the  French  sixilling  fframme,  than  to  cnrtail  to 
gram^  since  tbe  shorter  word  might  be  mistalLen  for  graiUt  and  lead  to  aeriooa 
error. 
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m 

A  BBREVUTED  formulie  and  worfs      . 

)o»     ^^M 
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Agate  mortar  . 

4<3          H 
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Uiitliodiut  ReHAich.    By  W.  BevikLkwis.  L.R.G. P.  Lond..  Medical 

Superlnlendent,  Weal  RtdlOK  Lunatic  Aiylum.    »\o,  nlUi     "     " 
frnvlniTB  and  Photoj^phi.  Si. 

A  Contribution  to  the  History  of  the  K 
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J.  f(  A.  Ohurehill't  Recent   Works. 
The   Physiology    and    the    Pathology    of   the 

OaubnS  ClrculBtluii ^  in  Bipcrirafnliil  lU'»r»rch.  By  Lkok.bu 
Hill.    U.D..  HiinUrlnn    Prol.sui'.  H.C.S.     With  <l    llluatmrlDiii. 

Elements  of  Human  Physiology.     By  Ernest 

H.  8»*iiLlii'i.  «.D.,  F.B.C.P..  F.K  9„  JndrtLI  rrofe.iot  of  Pliy.loloK)- 
in   miver^llv  (Jollcgv,  Umilnn.    Third  Rilaioii,    C'rnun  bid,  vltli 

Manual  of  Physiology:    for  the  Use  of  Junior 

SludMilt  nl  H-xllnlTif.  By  IIRIULU  F.  ¥bo,  H.D..  rH.S..  Bmrrlliit 
ProIrHir III  PLytl.jluiy  In  KltiRi  Vollt]^e.  Uimlori.  Tlllrd  IMttlon. 
Crown  "vT.  Willi  »1  SiigravliiKi  {lunnr  flgiire.),  niirl  CoiriurM  PUW  ol 

Elementary    Practical    Physiology,    including 

H<aliiloKv.  Ulii-'nilail  anil  BiHrimcnut  FhTilnlnfiy.  By  i>k  Bt'RaH 
BiKai.  h.D.,  nCS-R.,  Pmr»>Drol  Fhyilotniy  iri  ilie  yorkiblr* 
Ciillcn  nl  ibe  Vii-tertii  L'nloniiy.    With  uif  ^nRnvlDK<.    Crown 

Practice!  Lessons  in  Elementary  Biology,  for 

Jimlur  S1ii>1i>nU.  By  Ptmn  T.  B.  Bealk.  rR.O.S.,  Lcvtiircr  un 
Kifn.,.i.(..r,    Btoluiw   •n.l    llmuiMtntor   In    Plij-.lolr.ity  In    KliiK'i 

Medical   Jurisprudence :     its     Principles    and 

Pncilrp.  By  &i.riiKD  S.  TtrLOH,  M.U..  r.H.C.P.,  F.H.S.  Fourtli 
KJIIlDii,  by  Thou  14  STuvnaoH,  U.D.,  F.R.O.P..  Leniirpr  on  Usillcml 
JiirlipnidBo™  HI  fmy.  Hmipital.    2  vol..  Si-n.  with  IW  RnRmvinHi. 

The  Theory  and  Practice  of  Hygiene.     By  J. 

1.^'  N.i.ii     M  i>     l^LiHilnrr  JiiHygiMioKnrt  Public  He«Uh  In  ll.P 

I  ..  i           .  'i;.'  i.»a  in  lhi-\lclufi«  lUilvmlty.  Prolrnor 

■■    II  .       ...          .       ■,  MriliHil  SohooliiUKlR.H.  FiH»a,F.H.C.S.. 

A  IIvi;lrnDin  [li*  Army  Ui^lul  Holiaol.    With 

n...,,.i       i;...  ■.  ■!, ..     iiuy»i ei-o, «fc 
A  Manual  of  Practical   Hygiene.     By  the  late 

B,  A.  Pakkm.  M.D..  F.R.S.  Biahlh  Rdllion,  by  J.  Lun  HnTTni. 
A.M..  M.O.,  K.K.B,,  Piolritor  of  Ulliury  Hyalens  in  Uu>  Armv 
M«liail  Sch.KiI.    Srn.  with  10  Plnh'i  uiii  I0,f  Bi^rsvlDiii.  ISt. 

A  Handbook  of  Hygiene  and  Sanitary  Science. 

Bv  ato.  WlL«o\.  M.A..  II. D..  LL.D.,  D.P.H.  Cnmb.  Mudlcal 
OHlMr  "I  He.lth  ("r  Mlil-Wm-wlekihlre.  BlMhth  Bdllion.  l-on 
Bvo.wllhEnKn.vlne..  IS.,  M,  * 
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a  Treatise   byl 


A  Simple  Method  of  ^Vater  Analysts,  especially 

i^MlgnMl  (or   thr  Die  df  Hnllail  Olllnn  uf  Ii«l<)>.    By  Joan  C. 


M.D.Vi 


^  Lond.,    D.P.H,  C«iih. 


Elements   of  Health :   an    Introduction  to  the 

study  of  Hyuifnc  Bi  Lpuh  C.  PiKKlH,  M.D..  DP.H.  Lonit, 
Medial  Offiwi  of  K«atlJi  Inr  Cbelsfn,  Lr>i;l.uri?r  on  PiibUc  Hnllh  a 
St.  Owrgc'i  Huapltal.    Pi«t  Sio.  wilh  3;  BngrsTlntti.  3i.M. 

Diet    and     Food    considered     in     relation    to 


■rongll.   1. 


..  M.Il,. ! 


riiml  Edltl.li.    Cruwti  Bvn,  ll. 

The  Prevention  of  Epidemics   and   the    Con- 

•tructlon  Slid  UaniiKriii«nl  of  taolatkin  Hniululi.  Bv  Book* 
McNmix.  M.D.  Ellin.,  D.P.H.  Oaml>..Mrdlii.l  6ffi»r  of  BslDi  tor 
Ihe  County  o(  Argyll,    ftvo,  witli  ■rVEinl  Hoipilal  Plmit.  lOt.  M, 

Effects   of   Borax    and   Boracic   Acid    on    the 

Iliiin>ri  Hyil«n,  By  Dr.  OsciH  LianuicH.  Pruinaor  in  lUa  Vnl- 
nnky  nl  Berlin.    Willi  Fhtr*.  pnit  4to,  m. 

A  Manual   of  Bacteriology.   Clinical   and  Ap- 

plie-l,  with  an  Appendli  on  Biclecict  BemHlid.  Ac  By  illCBUi[> 
f.  HtHLjrr.  mC,  Jl.ll.O.P.,   D.P.H.  Lund.,  Aultl*nt    la     the 

BuIfrtnlivlMl  DrpHTtnifQl.  Jenner  InitituUiDf  Frsvcutire  Mfdlclnt. 

Hospitals   and  Asylums  of  the  World:    their 

Origin,  Htilory,  Conrtrnctinn,  Adinlnlilwtlon,  HsoHKeinnnt,  Uld 
LcirlalnUcn.  BySlrHEHHT  C.  BuuirFT.  K.C.B.  In  t  roli.,  fixper- 
ronl  «VD. ind  portfolio.  Complete,  I HHi,  Voli.  Lund  lI.-AiyUima. 
Mi.    VnU.  III.  »n.1  IV.-Mo>pit«H,  nltli  PUint  ami  Portfolio,  law. 

Mental  Diseases:  Clinical  Lectures.     By  T.  S. 

Cwtrmon,  U.D,.  PJl.C.P.  Billn.,  Lmnreron  MwiIaI  DIhbk*  Intbe 
CnlrBrallyolE<tinbi»e1i.  Firih  Bill  linn.  Or.ero.wltb  IBFlxte*.  111. 

The  Insane  and  the  Law ;   a  Plain  Guide  for 

Medical  Mm.  Bol Icltora.  anil  Other*  ■•  to  the  Detention  sadTmil- 
ment.  Halnlenanot,  keaponalbillly.  and   Capiclly    either   to  giv« 

_._,. 1. "'ofPerwn.  Sleni»liyA«lrt*d.    With  *■■—  — 

to  Ci        "        -  -        ~  - 

u_,..>,.  ■(.- ■'  Sini 

BJV.,  Barrltterat-Lnv. 
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J.  Sf  A.  Churchill's  Rtcent   Works. 
A  Text-Book  on  Mental  Diseases  for  Students 

■□d  IVscllllouu'i  ul  Mtiillulne.  By  TaioluKE  H,  KlLLOcu,  U.D., 
Uu  MwllcBl  S^ipcrlDteudent  of  Wlllird  SUte  Hutplml,  U.S.A.  Wltlt 
Illiulnlloni,  Uro.SAt. 

A  Dictionary  of  Psychological  Medicine,  giving 

Iha  D«nnlUan,  Blynuilofcy,  and  Syiionymi  nl  tbe  Tenai  uied  lii 
HodloiiE  P§<!ch<ilofcj ;  wltli  Uie  Sjniplomt,  Tiwtmi-Dt.  aud  Putliu- 
luftyar  lounityi  ind  Thk  t>iw  or  LuiAor  »  Ohhit  Bkitui  xku 
luuKD.  Bdlled  by  D.  Hioi  TliKI,  Jf.D.,  LL.D..  >Mlatsd  by 
nearly  IW  Conlrlbuton,  BrlUlh,  CuuUntnUl  anil  Ainerloin.  3  viili.. 
l.UM  pigM,  myal  tto,  lUuiCrmUd,  Ui. 

Mental  Physiology,  especially  in  its  Relation 

to  XtuM  UUorden.  SyTHKU.  B.  K1-9L0I-,  M.D..  Kelid<^nt  Ftay>tcl>D 
Upiitil  DlHUM  In  St.  Uiry'i  ll«ptUil  UEdlal  Suhai].    'xvo.  I)U. 

The   Mental  Affections   of   Children :    Idiocy, 

Imbeolllty,  and  InKoity.  By  Wk,  W.  iMLurn,  M.D.  Bdlii., 
lurmisrly  Ucdlcil  8upi-riDtf<ndrut  nl  tbc  BoottlDb  InBlltutloii  lur  lbs 
Sducnllon  ol  ImtwuJlD  Chtldnii.    With  -JO  PloM.  Sro.  Ht. 

Mental    Affections  of  Childhood   and   Youth 

(It'ltKinilnD  LrcluKi  lur  1HST.  L>U'.}.  By  J.  LiM'iDon-DuvIil,  U.D., 
f.U.C.P.,  CuuiulDuK  FJiyilcUkD  U>  Lliu  London  Uoti>lUI.    «vo,  St. 

The  Journal  of   Mental    Science.      Published 

guuUrly,  by  Aulborlty  ol  the  Uedliu-Piycbologicitl   Axwlatluu. 

Manual   of  Midwifery,    including    all   that    is 

likely  lo  br  rcc|iilrtd  by  Studenti  mid  PncUUauen.  By  Alfheu  L. 
0>l.iei.1.  M.A.,  U.D.,  P.n.C.P.,  Obitslrlo  PbyilcUo  aii.1  Leclunr 
on  UidwIli'rT  and  Dlmtwi  ol  Woued  lo  Ouy'i  BuiplUI.  VourlU 
ftllUon.    OroHii  Kvo.  wltb  Ifil  BoKntvlDgi,  IA>. 

The  Practice  of  Midwifery:  a  Guide  for  Prac- 

titloucn  uid  SludcnU.  By  U.  LuiD  KuuUTg,  M.D..  P.U.C.P.. 
LButurw  on  CIlQlwl  Uldwilery  uid  DImohi  oI  Wgiocii  at  tlie  OwsDi 
College;  CoDiultlng  Obrtetrlo  Fhyildul  lo  Ibo  MiuioliMUr  Buyil 
luJlrmu-y.  rouctli  Kdltloa.  Fsp.  8vo,  nrltli  Coloured  FIMet  uid 
Wood  (:iM)  BngnWogi.  Ibi.  Od. 

A  Short  Practice  of  Midwifery,  embodying  the 

Tr»tmcut  cluplcd  In  the  Uutiiiid«  H>»]>ltHl,  Dublin.  By  ItinHr 
JUXEIT.  M.D.,B.A.Cl.UuI).,  iKUAuliuiiLU-ulBT.  KutuudaHutiiits]. 
euund  Bdillon.    With  67  llluiiTni.icitii.    Crown  Svo.  «i. 
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J,  ^  A.  Churchill'g  Recent  Workt. 
Obstetric  Aphorisms :  for  the  Use  of  Students 

oaouui-iicing  UldH-ifery  PnctlH.  By  Jobepb  G.  Bwiiie.  M.D^ 
LecLurer  on  MidAllBi;  ia  tbe  BritCol  Medical  Scbool.  Tcath  Bditlon. 
Fcsp.  gvo,  Willi  »J  Buffnvltiiti,    ni.M. 

Economics,  Anaesthetics,  and   Antiseptics   in 

lh»  PracUM  lit   Mlfl»Llery.    By  IliVDS  Bkows.  L.II.C.P..  L.R.C.8. 

Eillu.    Fc»j>.niD,  ii.ua. 

Lectures  on   Obstetric   Operations :   including 

lbs  Tmtnimt  ot  HBtnorrluKe,  and  fannlitt:  ■  Oulde  to  Uib  UuugE- 
menC  ul  DIBIoult  LKbour.     By  Robiht  Bishb.  II. D..    F.B.C.P.. 

CnniulUiig  OlnUMc  Pbyiicbu  to  St.  Heorire't  HoipKitl.  Fourtb 
BdiUon,    bt-D,  wltii  131  Bngraviimg.  Ift,  «d, 

A  Clinical   History    of  Medical    and   Surgical 


Dliu 


Operations 


Diseases  of  Women.  (Student's  Guide  Series.) 

By  Alfhui   L.    OiliD1:i,    U.A..   U.D..   P.K.C.P..  Obrtelde  Fbjs 

■Iclan  Ui,  AUd  Lwlurer  gu  Uldurlli-ry  lod  DimiHI  of  Womea  mt 
Guy'i Hosplbil.   KltlU  SilIUoD.   Fcsp.avu,  wltblUBiittnvliict.Si.ed 

Manual  of  the  Diseases   peculiar  to  Women. 

By  Jxuu  Ouvm,  U.D.,  P.R.S.B..    U.H.C.P..    Pbyildun    In   thi 


I 

I 


Ilutliilal  h 


Bytl 


Abdominal   Tumours  and  Abdominal   Dropsy 
A     Practical     Treatise     on     the     Diseases    of 

Women.  By  T.  OitLuRU  Thom*s.  U.R,  BUtb  BdlUuD,  by  PiVi, 
y.  Xwoi.  H.D..  Prulemur  ol  ByuM.i!o«y  »t  Uiii  New  York 
Polyclialc  mul  at  DHrtmuulb  CollfRc.     Ibiy.  Svo,  wltb  MT  Hngnv- 

Sterility. 

Womtii. 

A  First  Series  of  Fifty-four  Consecutive  Ovario- 

tomi».  with  FIfty-llircB  Reeoveriri.     By  A.  C.  Bi'nxit-fiNVTBK, 
F.K.C.P.  Bdln.,  Surgeon  Id  tbc  Bomnrllim  Fire  Binpll*!.  Stnloc  ■ 
SuTBean  to  tlio  OnHVfnor  Hmpllal  tor  Women  uid  DbDdnn.    Svp,  J 
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J,  S(  A.  Churehill'i  Recent  Wbrki. 
A  Manual  for  Hospital  Nurses  and  others  en- 

lb»Dc%-pniindBx*tcrKutpilal.    Eigtlh  Bdillon.    Crown  gvo.Ip.ed, 

A     Short       Manual      for     Monthly     Nurses. 

By  CuHLEs  J.  CiiLLixewuirrii,  U.l),.  K.K.C.P..  UbilctrloFbTilclU) 
l<i  St.  TlioDiu'i  HotplMl.    Keviied  by   M.  A.  ATKlMnK.     I'ourth 


Lectures  on  Medicine  to  Nurses.     By  Herbert 

B.  Curr,  M.D..  y.KCS.,  Mnliml  SULwr1i>lL->..l'ut.  Nnrlh   Sutl^n, 
Ffii:  Hoaplul,  LonJaii.     St.'iwncl  Brtifrin.      With  •/»  niTiitiMluiii. 

Antiseptic   Principles   for   Nurses.     By   C.  E. 
A  Practical   Treatise  on   Disease  in  Children. 

By  EiiSTiCii  Smith.  H.D.,  F.H.C.P..  PbysieUm  t"  the  KitiK  ol  t: 
BillUon.' 


>l  to  the  Bui  Lnndon 


of     Disease      in     Children. 

The     ^Vasting      Diseases      of     Infants     and 
The     Diseases    of    Children.      By   Jaracs    F. 

OuunHiKT,  U.D.,  F.K.C.F.  Slitti  Itmioii.  wllu  lU"  i<»l>l»iit?i^  ol 
O.  1".  8T11X.  M.D..  Mt^rnO  R»jrl"t"T  to  >(>n  Hu.i.il.1  (or  Sl.'k 
Clilldrtn,  OiMl  Ormoiia  atiwt.    Cra-n  Svn.  Il».  B.I, 

On  the  Natural  and  Artificial  Methods  of  Peed- 
tug  iiitunu  wirl  YoiiiiK  ChlMwi,.  By  KI.M.JM.  Cjuixir.  MB., 
Phyildiin  In  tbo  B«1gnve  H»|>i<aL  [or  CLIklrFii.    I'mwn  e><>,  '.:  M. 

Materia     Medica,    Pharmacy,    Pharmacology, 

Mid  TBiii«wiiU«.  By  W,  Hiu  Whitb,  M.D.,  r.U.C.P..  PhyKLl.n 
B«i>Jtiil.    fourtb  XdJIlon.  bucd  upon  the  B.P.  oM?H.    Fcip.  Svo. 

;>,  od. 
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(.  QRiGKiaa.  F.I.C..  F.L.S..  1 


J  Society.    Willi 


iSl 

3  ItluHnUoo*.  ■ 


Materia  Medica  and  Therapeatics.    By  Charles! 

D.  F,  Pbojjps.  M.D.,  LL.D..  F.B.S.  Bdin.  " 

VcK(sUbleKlDj{doin—UrKUlcC'iiinpauDji~ADlini]  Kingdom,    t 
tiwrKiiiiIc  SiiImUdou,    gBOnul  BrillUia.    Bto.^U- 

Practical     Pharmacy:    an     Account    of     the| 


F.C.S..  Ruminet 


IP  PhM-i 


■t  Urln*. 


Galenic  Pharmacy :   a  Practical  Handbook  to  | 

Uif  FnwHM  of  the  BHtiili  PluriQuu|Uiii,    By  K.  A  ClHlpra,  M 
Svo.  wltli  76  KiiRniviniit,  St.  6d. 

Practical  Pharmacy.     By  Barnard  S.  Proctor. 

Third  Bdlllnn,   Bvo,  wlUiBin(nii-ine.BnciKao-ilinilcFreicrlpllon»,l*«. 

The    Galenical    Preparations    of   the    British 

FluniuuiipiiiU  r  s  HindNiuli  lur  Mi'dlcnl  uid  Pharnuceiitlcal  Studenla. 
By  C.  u,  HiWTHi.KSK,  H.U„  CM..  Iste  U-cliirer  un  MaUrU  Medln 
au.i  Tlitrmpeul.lc,  yuwn  Marpircfi  College.  r.lMKO-.    e™,  *t.  M. 

The   Pharmaceutical  Pormulary  :    a  Synopsis 

o[  tlir  Brillih  iin.t  FurFlgii  Pluriniu]i>|iitiu.  By  Ukrbi  Biublbt. 
TwcUlIi  BdlUQD  b;  J.  lii.uuiM  BuAirBHiIlk     l^mo,  M.  ik). 

The  Druggist's   General  Receipt-Book.     Tenth  J 

Mno,    =.  I    .  ^^^^^  ■ 

The  Book  of  Prescriptions  :  containing  upwards 

■  •I  .-i.iHA'  Prucrl,,Uori>  «illwl<.'.l  Irnm  Uie  Pructlw  ••!  thv  m^nl  vmiiiFnt 
Fi.y.ltli.1..  mid  SurKeoiii,  Guglidi  mid  PoreiBii.  Se>."tii  BdiUon. 
ISmn,  «(,  M. 

A  Companion  to  the  British   Pharmacopoeia. 

By  pETaa  SauiBii.  Keri«rf  by  Piitkb  WT.n  Shuikb.  F.L.S.,  P.CS. 
SevcaUeutli  BiUtluu.    Hvo,  I^l  6>I. 

SjF  (A(  «am«  Aatliors. 

The  PharmacopcEias  of  the  London  Hospitals, 

■mnced   In  Qroupi  lor  Buy  Sufereuaa  uid  ComiMdMli.      Sixth  | 
BdlUon.    18nio.  «i. 
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J.    ^  A.   Churchiii'a  Becent   Worka. 
Southall's   Organic    Materia  Medica,    being   a 

lUnrlbouk  trcBtliiK  u(  tome  or  (he  nuve  IwpotUul  al  thx  Auluwl  unil 

IhiiH  conUliicil  In  Blie  Brltlili  PlwrnwHjpuit*.  FIttli  anil  BnlarRC^ 
BrtiUoii,  by  ioax  BiBOuv,  H-So-LoDct.,  taax  time  Ltoturw  un 
UttcriM   Medial  niid   Ftaimuu;  in    Muon   Odlegt,   Blrmlr    ' 

Recent  Materia   Medica  and   Drugs  occasion' 

illv  FrvKhbcd,  NoU»  an  Ibelr  Oriein  uid  ThenpouUo.  By  F. 
HiHWooD  LksciWK.  F.C.S..  pBivi™  MHtallirt.  Plftb  Wltlon.  r      - 

Pereira's    Selecta     e    Prescriptis  :    containing 

LliU  of  Tcrmi  uied  in  PnMri{iUoai,  nlUi  BipUiulory  Nat 
AIM.  ■  Seriri  nf  Abbreiliud  Preuriptloni  wltb  %nnil 
BlK)il^iitb  Biililon.  by  JonKra  Inch.    »4ino.  Ai. 

Year-Book  of  Pharmacy:  containing  the  Trans- 
Manual  of  Botany,  in  two  Vols.,  crown  8vo. 

By  1.  Kkvuuldb  Qhkhh,  ScD.,  H.A.,  F.B.S.,  Protfuoi  ol  Botiny  lo 

UiB  Phfumnoeuticai   tiocicriy. 

Vol.1.:   Morphnlogj  ud  Aulomy. wlUi  IBS  BnifriiviiiKI.     Swoiul 

Bditlon.    7..  Bd, 
Vol.  II. ,  CluilfitstloD  iiiid  PhyiloloKj,  »ltU  «li  KuKntlngt.  IM. 

The   Student's  Guide    to  Systematic   Botany, 

Inoludlaij  Uie  ClauiHoitJdu  uf  Pl&iiu  ssd  DchtIdUvb  BoUny.  By 
BoBEH-r  BcRTUir.  I*1e  BiditIIui  Prafuiur  of  Botany  tn  ICIiiii'i 
Culkife  and  to  the  rbviaaceiitlGBl  Soaicty.  Foip.  Hvo,  wltlj  ^<SU 
Kiigraving..  3i.  ed. 

Medicinal    Plants :    being    Descriptions    with 

original  flituni.  of  th«  PrinciiMl  PlaiiU  Brnpioyed  In  U«diatue,and 
au  ■ocouai  of  Uielr  Prapenlea  and  tldta.  By  Prut.  BmTur  uid  Dr. 
U.  Thimki,  F.H.g.  In  i  voli..  lirgo  iio,  »lUi  3U4  ColourHl  Plata, 
bouad  In  Halt  Munwco,  Olll  Bdnui.  £11  Iti. 

Therapeutic  Electricity  and  Practical  Muscle 

ToiOnK.    By  W.  B.  Ukplkv,  M.D.,  in  cliargp  o(  Ui»  Klrctro-thM»- 

Kutic  lliputmeat  of  Ciie  London  Hotpllal.    Wllh  llu  lilutmllutu. 
.y.  Mvu,  la.  lid. 

Practical      Therapeutics :      a     Manual.       By 

KnwiHU    J.    WiIUHu,   C.I.B.,    M.D.,    F.R.G.P..   and    Dldlu    W. 

Hmiu»,  M.I). ,  B.8.  Laud.    Fouitli  Bdltion.    Crowu  Biu.  !*•. 

Bazaar    Medicines     of    India,    and     Common 

Hcdlixl  Planu.  Willi  Pull  Index  of  Ui<au».  ludicitlng  tlielr  TtMt- 
nieot  by  UieH  and  oUwj  AbbqU  proacuable  Uuxiuitiiout  IiuiiiL.  <Bla, 
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Psilosis  or  "Sprue":  its    Nature   and  Treat- 
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A   Manual   of  Family  Medicine  and   Hygiene 
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Hooper's  Physicians'  Vade-Mecum  :  a  Manual 
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Dur.  y.R.C.P..  P.K.S.,  »nd  J.  Miauir.  M.D.,  F.H.C.P.  Wllh  IIS 
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Manual    of    the    Practice    of  Medicine.     By 
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Medical  Diagnosis.     (Student's  Guide  Series.) 
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Outlines  of  Medical  Treatment.     Fouttb  Edition. 
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JOBiiwii.  H.D.,  F.B.O.P,.  F.K.S.,  Coniultlna  Pbyildin  to  KIdk'i 
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Treatment  of  Some  of  the  Forms  of  Valvular 
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to  the  Lnndnn  llcnpiul.  Bemud  K.IIU«n,  Fop.  N'-n,  with  ^  Bngnv- 
Engi,  U.  ft.1. 

Medical  Ophthalmoscopy:  a  Manual  and  Atlas. 

BjSlrWiLi.TAM  n.  OoWKiw,  M.D.,F,K.C.I',.  P.H.S.    Thlrfl  »llll..n. 

<o  the  lliiyHl  London  Ophlluklralo  l<oi|>iul.  With  Culoiirni  PUitei 
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A  Manual  of  Diseases  of  the  Nervous  System. 
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BdiHon.  l.y  ll.P  A.ithor    »".!  Jjmm   T«iij^ii.  M.D,.  F.K.C.P. 


Clinical  Lectures  on  Diseases  of  the  Nervous 
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The   Nervous  System,  Diseases  of.     By  J.  A. 
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Secondary   Degenerations  of  the  Spinal  Cord 

(Oiilitoiiiui  LecLiim.  ing«).  By  Hoitakd  H.  Tooth,  M.D..  F.K.C.P.. 
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Diseases   of  the   Nervous    System.      Clinical 
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7,  GREAT  MARLBOROUGH  STREET. 


J.  8(  A.  Churchill's  Receni  Worh. 


O-oua.  Inual 
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Headaches :  their  Nature,  Causes,  and  Treat- 
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A  Handbook  of  Medical  Climatology,  embody- 
ing it>  Prlnq1ple>  anil  Therapeutic  Appllmtlan,  tvllb  SclrnttHo  DtUt 
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Surgery :  its  Theory  and  Practice.    By  William 
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A   Synopsis   of   Surgery.      By    R.    F.    Tobin, 
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Alh!  Frisks,  Prcfetmr  n(  AinlnmJ,  Bnynl  Collejie  o[  Burgeon* 
In  Irflinil.  lUuitnuxl  by  4J  lirc-iUr  PIst?i  in  AiitMypo.  uid  a 
WmxlonUfnlbs  1*1.1.    Foil,.,  Kli. 
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Injuries   and   Diseases   of    Nerves,   and   their 


7,  GREAT  MARLBOXOUOH  STREET. 


The    Human   Foot :    its   Form   and  Structure, 
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B;  W.  II.  H.  JssnoP.  U.A.,  V.tt.C  S..  Ophlhilmlc  Siirgmn  to  Sl  Bv. 
tho[amp<v'>  llotpttiil.     With  b  Coloured  Plilei  ui<l  110  Woodeuu. 

Nettleship's  Diseases  of  the  Eye.    Sixth  Edition. 

Rovi»d  and  KdiUKt  l.y  W.  T.  Hoi.MBt  Spicim,  M.H.,  F.B.C.S..  Oph- 
lliftlinic    Siirgeon   In  Iha   UetxDpallUn   Hoepldl  luiil  Uii  Victoria 
r  Cbildren.    WItb  ISl  Kngnvlngi  uid  «  ColonrHI  PUte 


By 


.llDK  C, 


!B.    Croi 


Diseases    and    Refraction    of  the  Eye. 

N.  C.  Haohihi-HA.  F.R.C.S..  Burgeon  la  Weatmlmtfr  Huaplui.  ann 
QDaTivuB  HiBTBiDQK,  P.H.C.S.,  Biireeoii  to  IhB  Knysl  Weitmiiuter 
OpbUiAlmlc  Ilnipltal.      FIttli   Klltlon.  CroKii  Si-d,  *rth  Plat«,  IM 

On  Diseases  and  Injuries  of  the  Bye:  a  Course 

nt  Sr"i*niii(Jo  Slid  Cllnlnil  Lediire*  lii  Studoou  and  Hnllcal 
Fraatitioni-n.  Bj  J.  R.  Wolfb.  U.D..  P.R.C.S.B.  With  to  Calnutnl 
Fbil«iandin7Wiii«IBn|[nivln|ii.    8ro.  Uli. 

Convergent     Strabismus,   and   its    Treatment, 

an  Eisay.  Dy  Ktitrin  HoLTHDiiSB.  U.A..  F.K.C.S..  Surgeon  Ui  Lhc 
VirUrn  nphi.li.lmlo  HtHplWl.    flvo.  Hi. 
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Normal    and    Pathological    Histology   of    the 

Himii.n  Kye  sn-l  Brellit.,  By  C,  Frhd,  Poluict,  M.D..  y.R.C.S., 
*nil  P.R.B.8..  Sur({Bon  for  DlMsiei  o(  ths  Bys  W  An<lr'»nn'i  CollcKe 
in.]*"""?,  ninigow.    Cmwn  gvo.  with  loo  Pln.lM  (:i'lii  drawinnil.  Ifpi. 

Atlas    of   Ophthalmoscopy.      Composed   of  la 

Chromolltlioinipbic  Plii(*«  (S9  Fiuiire.  <lni»n  (mm  nMurc)  .n,i 
KxplsnaCory  Ti-it.  By  Eioh.bh  Lirbhkich.  M.K.O.S  Tnirnli.t»l  hy 
H.  KneBnRDUDB  Swxnit,  M.B.    Thlnl  BiHtlon.  41a.  <0i. 

Refraction  of  the  Eye:  a  Manual  for  Students. 

By  auDTirus  HAIcrnuME,  F.K.C.S..  Siinjuiii  tn  lUi:  KnyHl  Wvit- 
mliuur  Ophthftlmlo  lloapitnl.  TfnMi  Eilitli>ii,  Cn>wii  '•rn,  ailh 
lot  tlluMntlDn*,  iOk)  lut-lypN,  e(e..  «i. 


Glaucoma  :   its  Pathology  and  Treatment.     By 

PK1B9TLXT  Shits.  Ophthalmic  Suriieiin  td  tlm  tjuern't  HcnplUI. 
Blrmlnghitn.     9vd.  witli  lU  KncniElni;!  Kntl  \3  Zlnoo-phalacniplK. 

Methods     of     Operating    for     Cataract     and 

Stron.Ury  Impulnncnl.  n(  Vlil.in,   oll.li  lli«  iri.ilM  «(   BOO  Miwi. 
By   Hnjnr  Q.  H.  Fihk,  H.H.  In<ll.n  UeiUnl  Scrvlcr.    CmwiiKiD, 

Diseases   of  the  Eye :   a   Practical   Handbook 


Eyestrain  (commonly  called  Asthenopia).    By 

Brubit  CLtRKi,  M.D..  B.D.  Lonil..  SiirKmn  to  the  Cvnlisl  LondcHi 
Oplitbalmlo  Hoipltiil,  3iirK«n  and  Ophtlislmla  aurgeon  U>  tbp 
UlUiir  HoipIUI.    Siiiiiid  Edition.    Bvo,  Ritb  33  tlluttnUolM,  $1. 
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wiplUl. 


PJstu  nntl  .18  Woid  Ejigini 

B^  tilt  lemt  Aut»tr. 

Short  Contributions  to  Aural  Surgery,  between 

isrsind  IflM.    TbiM  Mlllon,    e™.  wllb  BngrminBi,  Bi. 

Diseases   of  tbe   Ear,  including  the  Anatomy 

unit  fhjrilolog;  of  Ui«  Oipai,  ingrthtr  with  Uie  Trntuif-nt  d(  (lie 
ARwtloni  nt  the  Nok  uid  Pburyni.  wbteh  cnndun-  to  Aunti  DUnut 
(n  Tr«tiM).  By  T.  M»i«  Honu.,  F.R.C.S.B.,  U.R.C.S.i  Aiml 
Surtteon  lo  thr  LoDilon  HotplUl.  uul  Lcclurrr  on  DluoHi  or  tha 

Throalln  the  CoLlegB.  elj^.    Pvn,  with  Ua  Br([niTln|[.,  ist. 

A   System   of  Dental   Surgery.     By  Sir  John 

"■ 9.  F.H.S..  an.)  C.  S.  TnaB,  M.A,.  P.B.8.    Fiinrth  Hlllloii     "  — 


.witb  a* 


Dental    Materia    Medica,    Pharmacology    and 

TherapduUn.     B;  CninLU  W.    GLisiclKnTn-i.    M.R.C.S.,    L.D.S. 

Bdln.i  Sminr  Denial  Snr|{EaD.  Wetloilniler  HnapltnU  DfiimI  Siir- 
eeon,  Natlunnl  D«nU]  Hiipttnl,  bik!  Ln'lrirct  .id  DcnUI  Materi* 
Meitlcn  uul  ThenipciilJci  lo  the  CollfKe-    Crown  Hvn.  e>. 

Dental  Medicine:  a  Manual  of  Dental  Materia  _ 


I 


Untie 


3    TllM 


mtlu.  By  ymmRiH 
htiPrlnclplMof  Denu: 
Bdaion. 


J.   S.   arm 


D.D.S.,  Pro! 
of  Mai^liinrl. 

A  Manual  of  Dental  Metallurgy.     By  Ernest  1 

A.  Bmith.  F.I.C,  AHliUnt  Instniclnr  in  MMAllurey,  StayaX  Oo!lc«o 
nl  Sotsice,  Lonctdn.    Willi  m  IlhiitrmlJnni.  crown  l-yo,  «•.  tM. 

A    Manual     of    Nitrous     Oxide     Anaesthesia. 

By  J.  Fbriiiirjck  W.  Biuc.  H.D,  Lond..  H.R.CS,,  AHliUnt 
AnvithpClit  tn  Oiiy'i  UfiiplCiil,  AniritbE'tli)  U-  tbf  DenM  Schoal  r-l 
Cluy't  IIo>|iIIa1,  «n.l  to  the  Bnyal  Fire  HmriUil.  8™.  with  X  En- 
Bravingi,  K>, 

Practical  Treatise  on  Mechanical  Dentistry. 

By  JoasFH  KicSitiDKON.  M  □..  D.D.S.  SevMth  Edllian.reTliHluid 
eUllwlbyaiOBaKW.WiiiBHB. D.D.S.    Hoys]  8\-o.  with  IWD  Bngnv- 
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A  Handbook   ' 


Diseases    of   the    Skin     (Introduction    to  the 

study  oO.    By  P.  H.  PlB-SmtH,  M.D..  F.H.S..  f.B.O.P.,  Pliy.lcl«n 

A   Manual   of  Diseases   of  the  Skin,  with  an 

Aulyill  at  ■Jii.OiM  ConSBOutive  CmMm  »od  k  FornmUry.     By  DUUCXS 
H,  BULXLir.  U.D..  Hew  York.    Faurtb  Biltion,  ro;d  Idins.  tli.  M. 

Skin  Diseases  of  Children.     By  Geo.  H.  Fox, 

M.D.,  ClliiLctl  ProCeMor  of  DlKunof  (he  Skin,  CDlleiie  at  fbyiloliDi 
Jind  BurK^aiK.Bew  Ywk.    WItb  VJ  PboUiunvure  ■»<)  Cbromognpbis 

The  Operative  Surgery  of  Malignant  Disease. 

By  HuiBXT.  BuTLUr,  P.R.C.S.,  Suri[wa  Ui  St.  BiLrthalameii'i  Uui- 
plUI.    atwnrt  Hdltloii.  with  i:i  KDnr»iingi.    «vo.  H.. 

Malignant  Disease  fSarcoma  and  Carcinoma) 


Sarcoma    and    Carcinoma :    their    Pathology, 

UI>Kn»li,  iinil  IrcattaEDt.    Hvn,  with  4  PUttei.  Si. 

Cancers  and  the  Cancer  Process:  a  Treatise, 

Practlcsl  »>d  TirfortHo.    By  Hskdmit  L.  8»uw.  M.1>.,  Surjirou  lo 
Ibe  Cuncec  Iluipttfll,  Bmuipluu.    evu.  wltta  1&  PUtet.    I»i. 
flil  Mb  »•>.>  rfuMor. 

The    Re-appearance    (Recurrence)    of    Cancer 

«(tBr»ppiiranta>tlriiriUon.    Bvo.  *•.  M, 

AIM. 

The  Palliative  Treatment  of  Incurable  Cancer. 
Diagnosis    and    Treatment    of    Syphilis.    By 
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H^H^^^HH 

/.   ^   A.    Churchill's   Recent    Works.        ^^^H 

Cancerous  Affections  of  the  Skin    (Epithelioma  ^^| 

'■«'■'••■                     B,  l^,  s«m,  Aum,.                                          ^H 
Pathology     and     Treatment     of     Ringworm.  ^H 

«VD,  wilh  VI  Eitcmi  hjc>.  '■>!.                                                                          ^^H 

Ringworm,  and  some  other  Scalp  Affections:  ^H 
Urinary  and  Renal  Derangements  and  Calcu*  ^^| 

Lout  Dicinleti.    By  Lkikkl  S.  Bmu.  F.B.C.P..  F.K.S.,  Fbyildui  la    ^^H 
Kii.«'.  Col1=B(  lln.plul.    Bvi.,.-..,                                                                   ^^ 

Chemistry  of  Urine  :   a  Practical  Guide  to  the 

Bj  AuHitr.  H.  Al.l.E«,  y.l.K..  P  C.S.,  Puhlld  Aiiiil)T.t  tor  tlic  W«t                 i 

Clinical  Chemistry  of  Urine  (Outlines  of  the).  ^^| 

of  9l«tm,  »..                                                                                                  ^H 

Diseases   of  the   Male  Organs  of  Generation.     ^^ 

By  W.  H.  A,  J.ooBSOjr.  M.Ch.O.mi,.  F.R.C.S..  AMl.t-DL-SurK«rt.  tn 

Gi.y.  Hospiui.   evD,  withteKngnvinp.  aa.. 
Atlas  of  Electric  Cystoscopy.      By  Dr.   Emil 

BUe.  uid  B.  KuBKr  Fdtwick.  P.K.C.S..  Surg»n  to  the  LandnD  ^^H 
HoirlUI  bikI  St.  Pel«r'i    Hnpilal  (oi  SbiDs.     St^sl  Svo.  witb  M  ^^H 

'               Electric    Illumination    of    the    Bladder    and  ^^| 

By  B.  UuHBr  Fhhwiok.  F.R.C.S,.  SurRenn  in  Lonrlon  Hwpllal  ud    ^^^H 

81.  Peter't  Hu>plu]  lot  Stotie.    Second  BdlUdii.    ivo,  vllb  M  Bn-  ^^H 

gTHVingi.  «•  «d.                                                                                             ^^^H 

1                                                                    Bm  tht  aam,  A^tko,.                                                ^H 

■  Tumours  of  the  Urinary  Bladder.     The  Jack-^^^| 

I                               K.[il.n  Pri»  Etsiy  of  Im;.  revrlllfi.  villi  K>n  '»i'1lll»i»t  CUH.     In^^H 

■  loot  Funiculi     ¥>,%.  I.    Boj-Bl  »>-«■  ^.                                                       ^^H 

r                                                           ^H 

The  Cardinal  Symptoms  of  Urinary  Disease:  ^^H 

Ibeir  Dio^noitla  Bi|[ulBiauce  Mid  TnMtmeDt.    £ra.  wItb  SS  lUuitn-  .^^H 
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Some   Important   Points   connected  with   the 

!)vg.  wltli  U  ItiiKnvliiiB.    Stii.tDKl'i  Kdllluu.  -H.  Od. 

Practical   Lithotomy    and   Lithotrity ;     or,   an 

Inquiry  \aUi  Uie  Bitl  Mudu  at  Uemoclnit  Slnue  tnim  Ui«  Blidcliir. 
TbLM  B-IItiun,    Bvo,  wllh  HT  KiiKniviiiKi.  ](it. 

The  Preventive  Treatment  of  Calculous  Dis- 

"»*■,  „™Utj.'r»e'.f  B"lvL'iit  llt-nuHl,,.,.    Thlnl  K.lil.iiiii.   Ur.  ^ii..J..*1, 

Tumours  of  the  Bladder :  their  Nature,  Sym- 


The  Clinical  Examination  of  Urine,  with   an 

Allu  ol  UHnnrjr  UfiHulls,  By  LiniiLKT  H<  riTT.  M.A..  M.D.,  Willi 
11  oiIkImI  P1»1''«  (moitly  In  colcur-:).    Crown  tU>.  l.s. 

The  Surgical  Diseases  of  the  Genito-Urinary 

Uruniii.  luduillDK  SypblUi.  By  E.  L.  Kktks.  M.D..  ProleuT  ol 
Oenfto- Urinary  Suriffr?.  Byplilolugy.  null  DermatiiloKv  t"  BiIIbvik- 
Hoapiul  Unlical  College,  New  Yorli  (■  revlrion  uf  Via  Bviaa  and 
Kkvei'  Tenlrbook).    Kny.  Bvo,  wiUi  lU  BiiKniiingi,  3U. 

Selected  Papers  on  Stone,  Prostate,  and  other 

L'riiiirv  DlHirden.  By  ittaiinx  HlKRISOn.  K.R.C.S..  Smvi'im  U, 
St.  ttlfriHuiplUl.     ».(>,  wlHi  li.lllu<lnit)»i».  a<. 

Syphilis.     By   Alfred    Cooper,    F.R.C.S,,  Con- 

tultlng  8ufa«ju  tQ  the  West  Loudon  >iia  the  Lock  HrarjituJ..  Second 
Bditioa.  BdltHl  hf  Hdwijui  Cairraiu.,  F.U.C.S..  Suigwo  (out. 
pMlEuti)  tu  the  LoDibia  Lock  HotplUl.  Dvo,  wllb  M  Fu1!-|m«c 
Plat«(U<wlaur«d),  I«L 
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On  Maternal  Syphilis,  including  the  presence 

mad  rF<^<>Bnll[ua  ..(  Syptiilitlc  P«lvic  DUeaH  lii  Women.  By  JoHir 
A.  dH»w-MiCKiu.i[l.  M.D.    With  Coloured  Plalei.    avo,  lOi.  6-1. 

Diseases  of  the  Rectum  and  Anus.     By  Alfred 

Coora,  F.KC.S..  Seolor  Suri|«>ii  to  Sc.  Uark'i  Uoipll^  for 
FinuU;  uid  ?.  SiTI!m>HD  HoirtiiDa,  F.K.C  S..  Smior  AhIiIuI 
Surgmn  ID  St.  Uiuk'i  HtHpital.    SeBoiid  Bdltion.  irlth  tUuitrMIniu. 

Diseases     of    the     Rectum     and     Anus.     By 

Huutlwm  CIUI-PS,  F.U.C.S..  Aulstuit  SnrRion  to  St.  Bartbnloniiiw^i 
Hoiplbil.  rlc.  SMorid  Bdlticm,  8vo,  wllb  13  ytUogniiililcPlatni  uiil 
uiiD»nnu  Wood  BOKnvlDHa.  lU.  ad. 

Cancer  of  the  Rectum.    Especially  considered 

wilU  ramrd  lo  its  BurKloul  TnKtment.  Jiokionian  Priie  Bui;. 
Third  BdltluQ.    biu,  with  13  FliUi  uid  Hvonl  Wood  BaitnviUKi,  M. 

The    Passage    of    Air    and    Faeces   from  the 

Ursthm.    Bvo,  3..  ud, 

A  Medical  Vocabulary :  an  Explanation  of  all 

Termi  and  Pliruei  uwd  In  the  virloui  Deparuoeati  ol  Uodlcal  Sciennn 
tad  FractlEe.  their  DcrivmUoo,  Meaatng.  Appliatiaa.  ind  Pmliur  '- 
Uun.    B7  H,  O.  Haeitb,  H.D.,  LL.D.    ^xlb  BdltlDU,  by  W. 


A  Short  Dictionary  of  Medical  Terms.     Beii 
Dunglison's    Dictionary    of    Medical    Science, 

with  [heir  PnmuneUiinn.  AoctatraNoii,  luiii  Uortvillau.  Twenty^ 
fint  Xitltjon.    By  K1CII.1FU]  J.  DimaLUOir,  A.U..  M.D.   UoynlBvo.  SOg. 

Terminologia  Medica    Polyglotta  :    a    Concise 

Inten)Uloiu,l  Dlotlowry  at  UedioU  Torma  (French.  lAlln.  KuKliib, 
Uvrnuin,  llnliiui.  Spnnlih.  nod  BuiiIid).  By  Thkodokb  Hl^mLI.. 
M.D.,  B.Be.,  F.H.O.S.  Bdln.    Hoyil  Hvn,  l«a. 

A     German- English     Dictionary    of     Medical 

Tumi.  By  Freduuce  Thkiu,  V.B.C.S..  Suqtiwn  lo  the  London 
Hoipiwli  ind  HUQO  Lma,  B.A.    Crown  0va,  biU-Fenlui  udf,  U>. 

A  Handbook  of  Physics  and  Chemistry,  adapted 

to  I  he  rpcjnlrenipata  of  the  Bnt  exmmlDition  ot  tfa«  Conjoint  Bonnl 
and  rarMnenI  uip.    By  HebbihtB.  COFiBlH.B.Se.LoDd,  uidAKail- 
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A  Manual  of  Chemistry,  Theoretical  and  Prac- 

Uml.  By  WlLMJiM  A.  Tiuiek.  D.Sc.  C.H.S,,  ProtpiHir  of  ObomlsUV 
1olbBKoy»l  Colleueor  a«l*noe.  London;  Bxuminfrln  Chtmlitry  U> 
I  111-  Deputmpnt  ol  eclcnoe  i>d<1  Art.    WJUi  :f  FUIH  ond  113  Wnodcutt. 

Chemistry,  Inorganic  and  Organic.    With  Ex- 

wirlmriiti.  Br  Cbiblu  L.  Blojuh.  KlEhtli  Bdition,  bv  Joan 
MlLLAK  TBOHUDIt,  ^.11.8.,  Prolouijr  of  OhemrRry  In  Ktng-i  CoUige. 
Luiulon.  mil  Abthlk  8.  Bloum.  Usd  at  the  Chemlitry  Urparl- 
nutnl.  Hie  GuldimltUi'  Initltulc.  Bew  Omi.  Bro,  with  ml  Bngnv- 
inm,  IBi.  «d. 

Laboratory  Teaching ;  or.  Progressive  Exer- 

elHii  111  fcscticul  CbpniliLrji.    tjlitli  BdiUon.  by  ABIBl'H  G.  Buiiui. 

Watts'  Organic  Chemistry.    Edited  by  V^illiam 

A.  TlLDKH.  D.Sc.  F.B.a.,  PniJsnor  ot  Cbeinttlir.  Bnysl  Colln«i  o( 
aulPOOe,  London.    Bivnnd  ftlltl-n.    Crown  Bvo.  10.. 

Practical  Chemistry,  and  Qualitative  Analysis. 

ByruKK  Olowioi.  U.So.  Lund..  Kmrrilio  Prole«ororCheniiilrj  In 
Uie  Uoivenltf  Outlegv,  NuUiiigliun.    Scvrulta  BdltioD.     Pmt  Bvo, 

Quantitative    Analysis.      By     Prank     Clowes, 

D.!9i-.I,>ml.,EmuriluiPruIi?«K>r<ifCli«iniilryl»U»rtDiv<iniItr0<dk4(D. 
Nollluitlu.m.  »nd  J.  Skhkiiiu  UciLtMU,  A»oo.  U.  O.  Bel.  Dublfn; 
l'i..r,»or  i.r  Cl»-ml.liy,  Sc.uUi-W«.t  Loiidou    PoljteuUiilo.      FHlb 
Bdltloii.    e-il  Hvu,  wHb  III  Bi>|[nvliii[i,  lUi. 
Bo  the  Mamn  Authv. 

Elementary  Practical  Chemistry  and  Qualita- 

Uvu  Aiuilyiiii.    Third  K.llHiin.     With  «H  Bnnnning.,  Pwt  Svo,  3.,  nd. 
Alts 

Elementary  Quantitative    Analysis.      With   62 

Bi.KtsviHK..  V.n\.  Bvo,  *..  M. 

Qualitative  Analysis'.    By  R.  Frcsenius.  Trans- 

1>l«l  by  CatHiu  H.  r.Kuvu..  V.K.S.  IVtiib  Ibllllou.  H'o.  witb 
Culuurtil  PUW  ul  3;«:tru  mid  lU  Bit|{nivliiK*.  1^. 

Quantitative  Analysis.     Seventh  Edition. 

Vol.     I.,    Transiuted    by    A.  Vaobbr.     Svo,    with 

lOfl  BuKOVInK.,  16.. 

Vol.  II.,  ?arU  1  to  5,  TranBluted  by  0.  E.  Gaovw, 

F.K.S.    tivu,  mlUi  BnKravJDKt.  >•.  U.  «efa. 
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J.   S(   A.    Churchill's   Recent    Works, 
Inorganic  Chemistry.     By  Sir  Edward  Prank- 

LASD,  K.C.B..  D.C.L..  LL.D..  F.H.S..  tni  PiuNcie  R.  JiPP.  H.A.. 

Ph.D..  F.I.L'.,  F.B.E.,  Frufeiior  of  CbnuliCrv  in  tbe  L'nlvenltf  ut 
Abcrdcvu.    6vi],  vitb  Dumrroui  lllutlntlontou  StoDC  and  Wood.  M*. 

Inorganic     Chemistry    (A    System     of)-       By 

WijjjiM   BuiBiv,  Ph.D.,  r.R.S.,   Proleuor  "t  Clif.nlBrj-  —   ■"-- 
Unlverilty  Colle)(e.  London.    Svo.  wKb  BnBi»>-ine>,  15». 


Valentin's  Practical  Chemistry  and  Qualitative 

•nrt  QiuiMtiULl™  AulTiit.  Bdii*d  1>T  Dr.  W.  K.  KaDOKiMaN, 
P.R.SiB..  FrorBBT  at  Cbemjitr*  uid  Pbyitci  ut  U»  Roynl  MIUtMy 

Acwlemy.AiKlAnllleryColleKe.VwlwIcb.  N  tilth  Edition.  tln>,  with 
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